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This study examined the national approach to the promotion of innovation by contractors. 
By integrating the concepts of the National System of Innovation (NSI) with conventional 
economic theories and construction studies, this study investigated the factors within the 
NSI that promote the adoption of an increased level of innovation by construction firms. 
From this foundation, a NSI model was developed. The NSI model aided this study’s 
development of national policies in promoting innovation by local contractors and 
business strategies for construction companies that would further encourage local 
contractors to innovate. 
 
Based on a qualitative systems thinking approach, this study’s model of the NSI 
was structured with five main NSI actors: Local Contactors; Foreign Contractors; Clients, 
Related and Supporting Industries, and National Institutions.  This model, established by 
the assumption that local contractors’ key motivation for innovation is based on profit 
maximization, highlighted two main driving forces of construction innovation within the 
NSI: firms’ profit maximization objectives; and consumers’ satisfaction of constructed 
products and services. 
 
This study validated the NSI model, through three stages of statistical analysis and 
in-depth interviews with 21 construction practitioners from Singapore. For a robust 
development of the NSI model, this research investigated 17 countries: Australia; Austria; 
Belgium; Canada; Denmark; Finland; Germany; Italy; Japan; Netherlands; Norway; 
Portugal; Singapore; Sweden; Spain; the UK; and US. The empirical database for this 
research were secondary data acquired from Organization for Economic Co-operation and 
Development (OECD) over a period of 11 years (1992 to 2002). As Singapore is not a 
member of the OECD, data from the Statistical Department of Singapore and the Agency 
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for Science, Technology, & Research (Astar), which also follows the methodologies of 
the OECD, was utilised. 
 
Based on the analysis of this study’s NSI model, six business strategies and ten 
national policy guidelines were developed for the stimulation of Singapore contractors to 
innovate. These together with 37 recommendations were classified under eight strategic 
thrusts. The research findings indicated that the profit maximization goal of construction 
firms is not only a driver of innovation but also a preserver of innovation strategies. 
Therefore, this study concluded that there is a need to classify innovations in terms of 
their monetary impacts. In addition, contrary to the believe that collaborations reduces 
competition, a stimulator of innovation, this study’s findings indicated that strong cluster 
networks do not reduce competition but intensifies it. This study also recognised that the 
role of national institutions should not only be a facilitator of the transformation of basic 
research to industrial research, but also the facilitator of industrial research to strategic 
application. Hence, national institutions should complement current strategies with a 
careful choice of technological advances, aligned with the current trends of the industry. 
Lastly, this study concluded that the NSI does offer a good theoretical approach to the 
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CHAPTER 1:  INTRODUCTION  
 
1.1 BACKGROUND    
Technologically, this century is characterized by an unprecedented rate of innovation 
triggered by and triggering intense competition among economic and political entities 
(Nelson and Winter, 1977, Dosi et al. 1988, Nelson, 1990). These changes in the 
economy and society are continually creating increasing demands for new construction 
work and renewal of the built environment. New information and utilities infrastructure 
are required for competitive economic growth while, in many countries, higher 
aspirations of the populace and increasing regulations amplify the demand for housing of 
greater sophistication. Innovations in supporting sectors such as information technology, 
biochemical, mechanical and materials engineering instigate the possibilities for faster, 
more efficient and superior quality in construction. Thus, a new spirit of what might be 
called “technonationalism” is clearly present in today’s national economies (Nelson and 
Rosenberg, 1993). This spirit encompasses a strong belief that the innovation capabilities 
of firms are key sources of competitive prowess and that such capabilities can be built by 
national action. Hence, Cohen and Levinthal (1989,1990) observe that the ability to 
recognise and utilise knowledge, the fundamental constituent of innovation, is paramount. 
The OECD (1997a, p.27) observes that: 
‘Today, knowledge in all its forms plays a crucial role in economic progress. 
Nations which develop and manage effectively their knowledge assets perform 
better. Firms with more knowledge systematically outperform those with less… 
This strategic role of knowledge underlies increasing investments in research and 
development, education and training, and other intangible investments, which 
have grown more rapidly than physical investment in most countries and for most 
of the last decade... Technological change results from innovative activities, 
including immaterial investments such as research and development (R&D), and 
creates opportunities for further investment in productive capacity. This is why, in 
the long term, it creates conditions that induce firms to engage in investments and 
innovative activities required for enhancing technical change.’  
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Many discussions thus conclude that industrial development can no longer be based 
on resource-based industries. Instead, competitive advantage should be anchored in 
knowledge-intensity and technological superiority and no longer on cost-efficiency 
(Ormala, 2001). This is especially important in construction today where first, 
competition among firms of different origin in the international market is intense. For 
instance, foreign firms seeking international job opportunities are gradually penetrating 
once restricted markets such as China and the fast developing East Asian countries. 
Hence, a country that is dependent only on basic resources, which can be easily 
replicated, would be surpassed by its competitors effortlessly. Second, the development of 
global free trade especially in the “golden triangle” of the US, Europe and Japan is 
fostering rapid growth in technological trade and developments in the global market 
(Kivisto, 1997). This would most likely lead to an expansion of the international 
construction market, where the relatively few players that dominated the international 
market in the past, will be increasingly overtaken by newcomers with niche-strategies 
(CIB, 1997). 
Given the significant roles of knowledge-creation and technological dominance of 
products and processes, the present understanding of the knowledge and innovation 
processes, especially in the arena of construction, is still deficient. Although, the world 
economy is being shaped by new information technologies and fundamental changes in 
fields such as material science, radical technological shifts are yet to be reflected in total 
factor productivity improvements or efficiently diffused in networks that are vital to the 
growth of construction technologies and innovation capability. The low level of 
investments in research and development (R&D) in construction is highlighted in recent 
studies of several countries as the root problem of inadequate new ideas and innovation in 
the industry.  
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The Rethinking Construction report (Egan, 1998) in the UK and the Building for 
Growth report (1999) in Australia criticize the construction industry for investing too 
little in R&D thus inhibiting performance improvements. The Construct for Excellence 
report (Construction Industry Review Committee, 2001) in Hong Kong and Construction 
21 report (Construction 21 Steering Committee, 1999) in Singapore describe the need for 
more R&D efforts to realize advances in construction processes and technologies. 
Singapore’s Construction 21 report, under the strategic thrust of “Improving Industry 
Practices and Technologies”, calls for the acceleration of R&D efforts to enable the 
industry to improve its performance.  
However, Nam and Tatum (1992) observe that even if the necessary resources for 
R&D are provided, construction practitioners will not seek technical leadership through 
R&D because its yield of new knowledge and technology cannot be monopolized. This 
implies that the social return to many forms of research may exceed the private return by 
a substantial margin, that is, research activities often generate sizable spillover benefits 
(Grossman and Helpman, 1991). Furthermore, construction innovation is often 
conditional upon the collaborative readiness of clients, consultants and contactors to 
integrate their knowledge and expertise to stimulate the formation of a true strategy of 
offerings like any other industrial business. Thus, leading to what generally can be seen in 
today’s construction industry and what Bowley (1960a, p. 36) describes by the German 
word “ersatz”, innovations that take place only because preferred solutions are no longer 
available due to external factors. Authors such as Jaafari (1997) and McGeorge and 
Palmer (1997) thus point out that the need for reform within the construction industry is 
acute with a growing pressure for organizational, operational, structural and cultural 
transformation. 
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With the construction industry being increasingly challenged to innovate in order to 
satisfy the needs and aspirations of society and clients (Frederic and Chase, 1993; 
Latham, 1994; DETR, 1999; Sexton and Barrett, 2003), the time is right for a national 
approach to the stimulation of innovation in construction to be adopted. At the micro-
level, R&D is seen as enhancing a firm’s capacity to absorb and utilise new knowledge, 
while at the macro-level, there is a substantial body of evidence that innovation is the 
dominant factor in national economic growth and international patterns of trade (OECD, 
1997a).  
The micro-level suggests that a construction firm’s business environment may 
involve competitors, consumer requirements and complementary services such as 
consultants. While the macro-level proposes that a construction firm’s business 
environment is embraced by a wider, external environment that influences the transfer 
and diffusion of ideas, skills, knowledge, and the channels and networks through national 
mediums such as the government, higher education institutes and infrastructure. 
Therefore, this mixture of micro and macro external factors that influence construction 
firms’ level of innovation presents a system of interrelating factors of innovation. To 
understand contractors’ decisions to innovate is to understand this complex “system of 
innovation”. This system of innovation when limited by geographical boundaries is 
known as the national system of innovation (NSI).  
Thus, the key instruments for promoting construction innovation lie in the nation’s 
ability to harness the potential of factors of innovation embedded in its NSI. Furthermore, 
it is also believed that the broad concept of NSI is a useful analytical tool for the 
promotion of sustainable economic growth and well being of nations (Lundvall et al., 
2002). Therefore, the concept of the NSI provides the means for cultivating a favourable 
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environment for innovation and it merits investigation in further studies (Dulaimi et al., 
2003).   
1.2 PURPOSE OF RESEARCH 
Following the background of the current levels and role of innovation in the construction 
industry, and in addition to Ling’s (2003) suggestion, managing and controlling the 
significant factors that affect success in innovation is important. Therefore, the main 
purposes of this research is to first, identify the key factors that promote construction 
firms to innovate and second, to recommend possible business strategies and national 
policies to achieve a higher level of innovation by construction firms.  
However, Dodgson et al. (2002) observe that it is not easy to identify innovation 
successes because the nature of innovation is multi-faceted. Valence (2002) further notes 
that to date there has not been a good explanation for the construction industry’s record of 
innovation grounded in the broader theories of innovation. Therefore, to achieve its 
research purposes, this study recognises the NSI as a valuable tool for the assessment of 
the strengths and weaknesses of a nation’s construction industry. It is thus also the 
intention of this study to develop a model of the NSI.  
Systems thinking is employed for modelling the NSI (Section 4.2). Systems 
thinking allows the identification of patterns of innovation of construction firms and the 
implications of current national policies on the level of innovation in the construction 
industry. With the systems approach, there may be a focus away from the current 
practices on allocation of national funds, towards an emphasis on the interplay between 
institutions. With the emphasis on the interactive processes of the creation of knowledge 
and the diffusion and application of knowledge, construction firms and governments will 
no longer be simply setting aside R&D funds for the development of technological know-
how within the construction industry as many countries such as Singapore, Japan, UK and 
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the US had previously done. The application and development of the NSI will lead to 
better appreciation of the importance of the conditions, regulations and policies within 
which markets operate and also the role of governments in monitoring and seeking to 
fine-tune this overall framework (OECD, 1997a). Such a strategy has been applied in 
Finland where the NSI is the main policy instrument used by the government to enhance 
innovation. In Finland, an effective innovation policy is seen as being highly relevant to 
its economic stability and it is part of the government’s overall strategy to respond to 
future economic and social challenges (Ormala, 2001). 
Hence, there are three purposes of this research. First, to identify the key factors 
that promote construction firms to innovate. Second, to promote construction firms to 
innovate through the recommendations of general business strategies and government 
policies in promoting construction firms to innovate in Singapore. Third, to achieve these 
through the development of an NSI model for the construction industry. 
1.3 RESEARCH PROBLEM 
The background suggests that construction innovation is critical to the growth and 
development of a nation and a national approach to the promotion of construction 
innovation is inevitable. It is hence argued that the pressures for construction innovation 
lie neither in the limited boundary of an individual’s characteristics nor that of a single 
construction firm but within the state of the environment that induces the act of 
innovation. Hence, this study intends to investigate, based upon the economic and 
national pressures to innovate, “What are the factors within the NSI that promote the 




1.4 RESEARCH OBJECTIVES 
From the research problem, this study formulates four research objectives: 
(i) to identify and define the key factors within a NSI that promote business 
enterprises in general and local construction firms in particular to increase the 
level of innovation; 
(ii) to utilise the results of key NSI factors in the development of an NSI model in the 
context of construction for the study of factors that promote construction 
innovation in Singapore; 
(iii) to recommend possible strategies that local construction firms can adopt to 
harness the potential of the NSI to attain technological advancement and sustained 
competitiveness in Singapore; and  
(iv) to propose possible policy guidelines for the Singapore government to adopt in 
order to promote and realise higher levels of construction innovation by local 
contractors based on the dynamic analysis of the interactions among key 
innovation drivers, actors and variables of the NSI. 
1.5 RESEARCH HYPOTHESES 
In addition to fulfilling the objectives set out for this study, two research hypotheses are 
developed to verify specific issues relevant to this study.  
Hypothesis 1: 
The rate of construction innovation within a nation may be determined by the 
interactions among the government, national academic and research institutions, and 
commercial firms within the framework of a NSI. 
Hypothesis 2: 
Since innovation is desired both privately and socially in a national economy, 
firms’ profit maximization objectives and consumers’ demands for higher levels of 
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construction productivity and quality will drive local contractors in adopting a higher 
level of construction innovation, hence, further accentuating the NSI in stimulating 
higher levels of construction innovation.  
1.6 RESEARCH STRATEGY 
The research strategy of this study is summarised in Figure 1.1. The research problem is 
first identified in the research process (Section 1.3) and the research hypotheses are set 
out (Section 1.5). Next, a literature review of innovation theories in general and 
construction innovation in particular is carried out. The main aim of the literature review 
is to theoretically identify the key NSI variables that are associated with the construction 
industry. From the literature review, a theoretical NSI model based on the techniques of 
systems thinking is developed (Sections 4.3 and 4.4). Vensim software is used to structure 
this dynamic model. To test the hypothesis, a collection of secondary statistical data for 
17 countries is assembled (Section 6.4). Statistical Package for the Social Sciences 
(SPSS) is used as the statistical tool for this study’s statistical analysis while the 
Microsoft Excel program is used to illustrate all graphical analysis in this study. The 


















































Figure 1.1. Research process 
 
First, backward regression analysis is employed (Section 8.3). This analysis enables 
the formulation of the empirical models that estimate the level of innovation for each 
sample of countries (Section 8.4) in this study. These empirical models serve as the 
foundation for the validation of the significance of relationships between the NSI 
variables and the “level of construction innovation by contractors” in a nation. These 
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counties: Greece; Hungary; Korea; New Zealand; and Switzerland (Section 8.5 and 8.6). 
From the empirical models, significant factors that influence contractors’ level of 
innovation are identified.  
Second, causal relationships between these identified factors and contractors’ level 
of innovation are established through causal comparative research (CCR). Once causation 
is established, these identified NSI factors (Section 8.7) are input in the final NSI model 
(Section 10.4). These causal relationships established from statistical analysis form the 
basis of validating the relationships in the theoretical model established by literature 
review. 
However, not all variables in the qualitative model can be statistically validated, as 
some do not have suitable proxies. Therefore, interviews with construction practitioners 
are undertaken to complement the validation of the theoretical NSI model (Section 9.2). 
The last stage of statistical analysis is Pearson Correlation (Section 10.2 and 10.3), which 
validates the relationships within the NSI factors themselves, in terms of their 
significance and direction of relationships. 
Once the theoretical NSI model has been validated, this study fulfils its objectives 
of recommending business and national strategies towards higher level of contractors’ 
investments in innovation through the analysis of this study’s final NSI model (Sections 
11.2 and 11.3). Thus, the research methodology employed in this study can be outlined as 
follows: 
(i) A comprehensive literature review of the NSI in general and construction innovation 
in particular. 
(ii) A collection of secondary data from OECD sources for 16 OECD member countries 
and from the national statistical agency for Singapore. 
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(iii) A backward regression analysis of secondary data to develop empirical model 
equations of the level of innovation by contractors, which is further validated by data 
from five other OECD member countries. This analysis also highlights the 
significant NSI variables that influence the level of innovation by contractors in a 
nation. 
(iv) Causal comparative research to allow inference of causal relationships that enables 
the development of a qualitative NSI model. 
(v) Correlation studies of the significance and direction of relationships between NSI 
variables. 
(vi) Finalisation of a dynamic systems model of the NSI, with particular focus on 
Singapore’s construction industry. 
(vii) A combination of the analysis of the final qualitative systems model of the NSI with 
interviews of construction practitioners to identify business strategies for 
construction firms and national policies that may enable a higher level of 
construction innovation in Singapore’s construction industry.  
1.7 SCOPE OF RESEARCH 
Various parties in the construction process such as, contractors, consultants and suppliers 
can contribute to the level of innovation in the construction industry. However, to 
maintain the scope of the study within reasonable limits and in accordance to the standard 
statistical limitations recognised and applied by international statistical organisations such 
as the OECD and World Bank, this study concentrates on the level of innovation by 
contractors. The discussion on the rationale and practicability of this focus on contractors 
are discussed and established in Section 2.5. 
This study also recognises that the NSI is a system of interrelating actors and factors 
that jointly generate a level of innovation within the country. Hence, the rest of the parties 
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in the construction process, such as suppliers, consultants and clients, are not excluded 
from analysis. Their complementary, supporting or rivalry relationships with the 
contractors are considered in this study through specific categorisation (Sections 1.8 and 
2.5). Together, they aid the formulation of business strategies and national policies in 
stimulating a higher level of construction innovation by contractors in a country.     
Although several authors have welcomed the concept of the “system of innovation” 
there have been criticisms of the focus on the “national” level (Freeman, 1995). It is 
argued that the national level is not the most relevant when it comes to analysing 
innovation as innovation systems are rather local or transitional than national in scope 
(Lundvall, 1998). Shearman (1997) states that the interaction between technology, culture 
and economic activity cannot be understood along neatly defined national boundaries. 
Although a nation’s innovation system has often played an important part in securing and 
consolidating both national and enterprises’ competitive advantages and driving towards 
economic hegemony (Archibugi and Michie, 1997), new and competitive technologies 
are increasingly built through complex mechanisms on inter-organizational networks that 
transcend national spheres of influence (Davenport and Bibby, 1997).  
Furthermore, for some very large international firms their business environment is 
more complex, being influenced by multiple innovation systems. For instance, the top ten 
international contractors have an average annual total turnover in excess of US$6.3 
billion each in the year 2003. This figure is comparable to the construction GDP of 
countries such as Finland and Singapore with construction GDP of US$6.6 billion 
(OECD, 2005b) and US$4.6 billion (Building and Construction Authority, 2007) 
respectively in 2003. These international firms are thus global enterprises unbounded by 
national boundaries. 
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Nonetheless, Lundvall et al. (2002) argue that focusing on the “national” level is 
relevant in two main domains. First, the empirical basis of standard economics is 
extremely national in its analytical focus. This is true for almost all applied research and 
analyses by international organizations such as the OECD and the World Bank. Second, 
as long as nations exist as political entities with their own agendas related to innovation, it 
is useful to work with national systems as analytical objects. The dominating discourse 
regarding economic policies, including monetary and fiscal policies as well as labour 
market and social policies, refers to the national level.  
Furthermore, the international exploitation of innovations requires that national 
governments create conditions under which new technologies can be exploited within the 
respective countries (Meyer-Krahmer, 2001). This is because international technological 
co-operation is based on the national technological capabilities and possibilities available 
to the co-operation partners (Archibugi and Michie, 1995). Therefore, although it is 
correct that globalisation represents strong and complex challenges to the historically 
constructed national welfare state and to the existing NSI, it is difficult to see how these 
challenges can be understood if the starting point is not at the national level. This study 
thus views the proposed innovation infrastructure in the entity of a nation.  
Hence, for the analysis of a national system, this study gathers data from 17 
countries: Australia; Austria; Belgium; Canada; Denmark; Finland; Germany; Italy; Japan; 
Netherlands; Norway; Portugal; Singapore; Sweden; Spain; the UK; and US. Section 6.4 
discusses the selection procedure of these countries. Although 17 countries’ data are 
statistically analysed, Singapore is the only case country of this study considered for an 
in-depth investigation of the application of the NSI in the context of construction. This is 
because the implementation of national policies and specific business strategies such as 
innovation is dependent on national policies and the ways of policy making that are 
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dependent on the traditions and political arrangements of individual countries, especially 
with respect to the role of governments in economic affairs. However, the general 
approach of this study can be treated as a methodological framework, which may be 
applied in the context of other countries.  
1.8 DEFINITION OF TERMS 
This section defines “Clients”, “Related and supporting industries”, “National 
institutions” and “Industrial clusters”. The terms are defined here to narrow their 
generally broad definitions to the context of construction. This would provide readers a 
better understanding of the issues and arguments presented in later chapters.  
Ofori (1990) states that clients vary considerably in size, interest and motivation. 
He observes that four groups of clients are discernible: public sector clients, private 
occupiers, property companies and investors. However, not all four groups directly 
contract with the construction firm and hence, have a direct impact on the decisions of 
the construction company to innovate. Therefore, this study divides clients into two 
parties. First, the term “client” designates the initiator of the construction process, the 
individual or group financing the project that have a direct impact on the construction 
company’s decision to innovate. Second, the “consumer” comprises the end users of the 
building product who are not the first initiator of the construction process but may 
indirectly affect the construction company’s decision to innovate through their level and 
type of demand for building products.   
“Related and supporting industries” can be segregated into two segments. First is 
the presence of supporting industries that are also known as the supplier industries. In the 
context of construction, this will be for example the building material and construction 
equipment suppliers. Second is the presence of related industries. ‘Related industries are 
those in which firms can coordinate or share activities in the value chain when 
 15
competing, or those which involves products that are complementary.’ (Porter, 1998, p. 
105) Sharing of activities can occur in technology development, manufacturing, 
distribution, marketing or service. In the context of construction these would be for 
example, consultants, such as architects and engineers, or industrial manufacturers of 
commodities, whose technologies can be transferred and adopted in construction. In this 
study, the related and supporting industries are confined to the domestic territory of the 
subject country unless otherwise stated. This is because this study focuses on stimulating 
innovation within the NSI, and as Porter (1990) observes, the proximity of related and 
supporting industries along with cultural similarity tends to facilitate free and open 
information flow. Therefore, having a competitive domestic related and supporting 
industry is far more preferable to relying even on well-qualified ones in cultivating a 
strong NSI. 
“National institutions” are mechanisms, such as governments, higher educational 
institutes and national research institutes, by which, in the context of this study, new 
technologies are developed and transferred (Freeman, 1989 and Nelson, 1993). Hence in 
this study, the NSI in the context of construction considers national institutions to be 
universities, statutory boards and private non-profit research institutes that are directly 
related to construction activities and that strongly influence the effectiveness of linkages, 
the flows of information and skills, and the absorptions of learning that are essential to the 
firm’s innovative capabilities. 
“Industrial clusters” are defined as ‘the geographical concentrations of 
interconnected companies, specialized suppliers, service providers, firms in related 
industries, and institutions (for example, universities, standards agencies, and trade 
associations) in particular fields that compete but also cooperate’ (Porter, 1998, p199). 
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Hence, a network of construction companies, related and supporting firms and national 
institutions shares and facilitates the flow of information, skills and resources. 
1.9 STRUCTURE OF THESIS 
This thesis comprises 12 chapters categorised into three main parts. Part I comprises 
Chapters 1, 2, 3 and 4 which cover the introduction and literature review. Part II explains 
and discusses the research methodology undertaken by this study in Chapters 5 and 6. 
Part III presents the development of models (Chapters 7, 8, 9), findings (Chapters 10 and 
11) and conclusions (Chapter 12). The content of each chapter is briefly outlined below. 
Part I 
Chapter 2 establishes the definition and theory of innovation. General issues such as 
the measurement, categorisation of construction innovation and their impact on the build 
product are discussed. Specifically, innovation in Singapore’s construction industry is 
examined here. In addition, a critique of the significant works on innovation of 
construction processes and its affiliation with the NSI is presented.  
Chapter 3 first discusses the theoretical aspects of the NSI. Second, it identifies the 
components within a nation that influences the level of innovation within a country. 
Third, it carries out the process of theoretical identification of key NSI variables based on 
a literature review of NSI components that are associated with the construction industry. 
The objective of Chapter 4 is to develop a theoretical NSI model based on the 
concepts and theories discussed in the literature review in Chapters 2 and 3.  
Part II 
In Chapter 5, the research design is formulated and supported with appropriate 
statistical tools that enable this study to fulfil its research objectives. Various 
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methodologies are reviewed and their suitability discussed. From this, a three-stage 
validation process for the theoretical NSI model is developed. 
Chapter 6 discusses the data collection methodology and the categorisation of 17 
countries into four samples for statistical analysis. The key NSI variables identified in 
Chapter 3 are also operationalised with suitable proxies.  
Part III 
Chapter 7 establishes the causal element between contractors’ level of innovation 
and this study’s key NSI factors through causal comparative analysis while Chapter 8 
presents the empirical results of the selected research methodologies in Chapter 5. The 
validation results of the first two stages of the three-stage validation process are presented 
and discussed. In addition, empirical models of the annual national level of contractors’ 
innovation in a country are presented and validated.   
To further validate the non-measurable variables in this study’s NSI model and to 
bring the results to the specifics of Singapore, Chapter 9 presents this study’s interview 
design. A summary of the responses from interviewees and the alignment of their views 
with the literature review is also presented in Chapter 9.  
Chapter 10 presents the Pearson Correlation analysis, the last stage of this study’s 
three-stage validation process. From the completion of all statistical analysis and 
validations, the final NSI model is developed and supported with industrial review. 
In Chapter 11, the discussion of statistical results together with this study’s 
interview responses, are employed in the analysis of the final NSI model. This model is 
also applied to the context of Singapore’s construction industry. Strategic thrusts and 
recommendations for business strategies and national policies for the stimulation of local 
contractors to innovate in Singapore are proposed and examined from these analyses. 
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Chapter 12 reviews and summarises the findings of this study. Recommendations for 






















This chapter reviews the literature on innovation generally and in construction 
specifically. It discusses the general definition of innovation in Section 2.2 while Section 
2.3 discusses the definition of construction innovation. By considering the role of 
innovation in construction, Section 2.4 presents a suitable definition for “construction 
innovation”. To put all these in perspective, in Section 2.5, the boundaries of construction 
for which innovation is examined in this study is considered. 
To support the purposes set out in Section 1.2, the importance of innovation is 
discussed in Section 2.6. In Section 2.7, barriers to innovation together with the possible 
implementation of new technologies in the construction industry are highlighted to 
provide a holistic view of the environment of the construction industry for innovation. 
As the main country of investigation of this study is Singapore, a brief outline of the 
role of innovation in Singapore’s national development generally and the construction 
industry particularly is presented in Section 2.8. Lastly, Section 2.10 provides a critique 
of significant works on construction innovation processes to justify the need for this 
study. 
2.2 DEFINITION OF INNOVATION 
Technologically as well as economically considered, to produce means to combine the 
things and forces within reach, hence, different methods of production are only 
distinguished by the manner of their combination (Schumpeter, 1934; Rosegger, 1996). 
Lundvall (1992, p.8) defines innovation as a potential new combination that ‘results in 
radical breaks with the past, making a substantial part of accumulated knowledge 
obsolete’. Similarly, Fuller et al. (2003, p.179) define innovation in the technological 
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sense as ‘the ability to create the next generation of product or process technology’. 
Hence, development in the sense of innovation is a distinct phenomenon, a spontaneous 
and discontinuous change that is entirely foreign to what may be observed in the circular 
flow of economic activity, displacing the equilibrium state previously existing 
(Schumpeter, 1934). This is in contrast with “new combination”, which although also 
involves change and possibly growth, may in time grow out of the old only by 
continuous small adjustment is considered neither a new phenomenon nor a development 
in the innovative sense. 
Although Lundvall and Fuller’s definitions of “innovation” capture the essence of 
the object, they do not differentiate between “R&D”, “invention” and “innovation”. Each 
of these terms may well encompass a “new combination” that contributes to new 
knowledge. Slaughter (1998, p.26) defines invention as ‘a detailed design or model of a 
process or product that can clearly be distinguished as novel compared to existing arts’. 
Innovation, on the other hand, is a matter of application and operationlisation. It is 
defined as a non-trivial improvement in a product, process or system that is actually used 
and which is novel to those developing or using it (Marquis, 1999; Slaughter, 2000).  
Herbig (1994) states that the traditional concepts of innovation illustrate a time 
path that begins with the fundamental science from R&D to invention and ends with the 
diffusion of innovation. However, authors have different views on the cause and effect 
among innovations, R&D and inventions. Some believe that innovation is manifested 
through technology developments and inventions that involve investments in R&D (Nam 
and Tatum, 1992; Toole, 1998), while others view R&D and inventions as a result of 
innovative activities that create opportunities for further investment in productive 
capacity (Drucker, 2002). Some also note that innovation, technology and inventions 
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may not always be interrelated. There can be innovation without invention, and not all 
inventions lead to innovations (OECD, 1997a; Winch, 1998).  
This study adopts largely the methodology of the Frascati Manual (OECD, 2002a) 
and the Oslo Manual (OECD, 1997a) for its collection of innovation and R&D data. The 
OECD produces internationally agreed instruments, decisions and recommendations in 
areas where multilateral agreement is necessary for individual countries to make progress 
in a globalised economy (OECD, 2006). The OECD is also well known for its 
publications, country surveys and statistics covering economic and social issues from 
macroeconomics, to trade, education, development and science and innovation. Hence, 
it is useful for this study to utilise the definitions provided by the OECD as the basis for 
further investigating and defining “R&D”, “invention” and “innovation”. Section 6.2 
presents a discussion of the relevant contents of the Frascati and Oslo manuals and a 
justification of the selection of their methodology for this study.   
The OECD (1993b, p. 29) defines “R&D” as comprising ‘creative work 
undertaken on a systematic basis in order to increase the stock of knowledge, including 
knowledge of man, culture and society, and the use of this stock of knowledge to devise 
new applications’. The key factor of R&D is thus a “methodical process”, which may 
result in a novel idea or product termed as “invention”. However, not all inventions stem 
from systematic developments. Inventions can be developed from activities such as 
learning by doing that include product and process improvements that originate from the 
shop floor or the site and do not always require experts (Winch, 1998). Thus, R&D 
although often necessary is not an essential precedent of invention. 
The OECD (1993b) further observes that innovation is not necessarily a 
unidirectional process commencing with R&D, which produces an invention that is 
commercialised as an innovation. R&D is only one of the activities relating to innovation 
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and may be carried out during different phases of the innovation process, acting not only 
as the original source of inventive ideas but also as a form of problem solving which can 
be called on at any point up to implementation. Besides R&D, six fields of activities are 
often distinguished in the innovation process (Stead, 1976; OECD, 1992a). They are: 
tooling-up and industrial engineering; manufacturing, start-up and pre-production 
development; marketing for new products; acquisition of disembodied technology; 
acquisition of embodied technology and design. Hence, ‘Innovation can be manifested in 
a new product design, a new production process, a new marketing approach, or a new 
way of conducting training’ (Porter, 1990, p.74). 
Thus, innovation may not merely be a series of “discrete occurrences” as suggested 
by Lundvall (1992) and Fuller (2003) nor a “distinct phenomenon” as Schumpeter 
(1934) proposes, but a continuous flow of related events. Innovation encompasses new 
product development and commercialisation, but much more too, such as technological 
transfer and diffusion that fuel economic growth and national development (Park et al., 
2003).  
2.3 DEFINITION OF CONSTRUCTION INNOVATION 
Various authors and institutions provide a variety of definitions of construction 
innovation. Pedersen (1996, p.884) defines it as ‘the first use of a technology within a 
construction firm either in the process or in the product.’ Toole (1998, p.323), researching 
on technological improvements of constructed products terms construction innovation as,  
‘Application of technology that is new to an organization and that significantly 
improves the design and construction of a living space by decreasing installed 
cost, increasing installed performance and/or improving the business process’.  
On the other hand, the Construction Research and Innovation Strategy Panel (CRISP, 
1997, p.5) defines construction innovation as, 
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‘The successful exploitation of new ideas, where ideas are new to a particular 
enterprise, and are more than technology related – new ideas can relate to process, 
market or management’.  
Although these definitions apply to construction, they differ in defining the importance of 
technology in innovation. Pedersen and Toole consider construction innovation as 
inevitably involving the application of technology while CRISP deems innovation in 
construction to be ‘more than technology related’ (p.5).  
There seems to exist two distinct forms of innovation in construction. The first form 
of innovation is of a non-technological nature, which the OECD (1997a) classifies as 
organisational and managerial innovation. Manseau (2005) observes that these innovative 
activities are generally pervasive throughout an entire firm and are embedded in its 
interactions with key partners. Hence it is difficult to assess its role in construction 
innovation and firms do not capture and maintain records of these kinds of innovations 
(Manseau, 2005). 
The second form of innovation involves technical improvements. Gann et al. (1992) 
observe that the innovation efforts of the construction industry are disproportionately 
orientated towards technological enhancements rather than non-technological 
improvements. However, Seaden et al. (2003) suggest that an innovative firm is generally 
innovative in technology and in business at the same time as innovativeness may be a 
culture that permeates all the activities of the firm. Hence, some authors (such as 
Manseau and Sedean, 2001; OECD, 1997a) suggest that it is not the degree of 
technological improvement but the exploitation of an idea, new to a particular enterprise 
or its processes that is required for innovation to occur.  
The key notion of innovation is therefore first, “newness” notwithstanding the 
medium that carries this novelty. It rests on ‘practices so new that the set pattern of 
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accepted processes or products is developed or replaced’ (Langford and Dimitrijevic, 
2002, p.17). The minimum requirement for a development to be called an innovation is 
that the product should be new or significantly improved to the firm. It does not have to 
be new to the world. Second, there must be an implementation of the innovation, the 
introduction of the product of the innovation in the market or its usage within a 
production process. Therefore, the initial definition of construction innovation adopted 
for this study is: “the purposeful search for new knowledge and the application of this 
knowledge in production.” This definition is further considered below (in Section 2.4). 
2.4 INNOVATION IN CONSTRUCTION  
In Section 2.3, innovation is simply defined as the purposeful search for new knowledge 
and the application of this knowledge in production. This definition however, does not 
always allow the isolation and identification of a specific innovation. This is because 
knowledge cannot always be explicitly defined and innovation, the application of an 
invention in a product or process, is not always a discrete element or procedure in a core 
product or process. Hence, for this study to investigate the object of construction 
innovation, the definition of innovation in this study has to be further refined to include 
the elements that facilitate the identification and measurement of innovation in 
construction.  
The construction industry has generally been characterized as an assembly 
industry, assembling on site the products of other industries (Toole, 1998; Koskela and 
Vrijoef, 2001). Its final product is large, heavy, durable, expensive, mainly custom-
made, and is constantly affected by weather conditions (Liebing, 2001). Construction is 
also known to be a complex process, with the involvement of a wide variety of agents 
(Toole, 1998; Dulaimi et al., 2003). Although some of these agents may conduct 
significant amount of construction activity, their predominant activities may be in other 
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sectors (Dubois and Gradde, 2002). Hence Toole (1998) observes that a constructed 
product consists of many interacting parts and, or dynamic subsystems. Therefore, 
knowledge about the interaction of one system with another is growing in importance 
and innovative activity has to be directed at removing the divergence in knowledge 
expertise, or to restore an architectural, technical and structural balance and efficient 
interaction among components in the system as a whole (Gann, 2000).  
As discussed in Section 1.8, the recipients of constructed products diverge 
extensively with varying intentions. Bowley (1960a) notes that such a wide spectrum of 
clients of the industry poses a problem in the classification of product enhancements as 
each party of the construction industry has different needs to be fulfilled. Hence, the 
suitability of product or process enhancement in construction would be dependent on the 
perspective of the party whom the innovation is deemed to be carried out for. For 
instance, Gann (2000, p.106) defines the constructed product as ‘the accommodation of 
multiple and often-concurrent activities that would alter as occupants’ requirements 
change over time’. On the other hand, Nam and Tatum (1989, p.518) define the 
constructed product as ‘the physical output that is delivered to the owner as a fulfilment 
of the contract’. Gann (2000) views construction from the point of view of an end user, 
while Nam and Tatum (1989) consider it from the perspective of the owner who may not 
necessarily be the end-user. Hence, Toole (1998) notes that a distinct characteristic of the 
construction process that makes it difficult for contractors to analyse how innovations 
may affect their operations is the varying desired end product. 
Apart from product innovation, a building may also be assessed according to its 
process attributes such as site-time required for its completion, land space required for 
construction, and the durability and requirements of maintenance. Toole (1998) observes 
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that the long time frame and wide range of conditions associated with the construction 
process hinder the improvement of such process attributes.  
Reichstien et al. (2005) consolidate the characteristics of the construction industry 
into six factors that shape the nature of innovation in construction. They are:  
• Liability of projects - Construction is largely a project based activity with temporary 
coalitions of different organizations attempting to achieve a task over a specific 
period;  
• In-situ production – Construction often involves high levels of in-situ production;  
• Liability of uncertain demand - Many projects involve the creation of highly bespoke 
products, focused on meeting the requirements of individual customers;  
• Liability of smallness – The industry structure of construction is often dominated by 
small firms with little or no professional staff;  
• Liability of separation – In a construction project, design is usually separate from 
production and production is often separate from maintenance; and  
• Liability of assembly - The contractor is usually responsible for the assembly of a 
range of different components and the integration of different systems. 
Based on these characteristics of construction, Gann and Salter (2000) observe that 
construction is largely a project-based activity with temporary coalitions of different 
organisations that come together to attempt to achieve a task over a specific period. 
Therefore, in construction, every project, whether it involves new work or repair can be 
considered a prototype because every construction project is at a new and different site 
and most often for a different owner (Manseau and Seaden, 2001). Construction 
practitioners and their clients often interpret this application of conventional construction 
practices and methods in new situations as innovative behaviour. However, there is no 
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evidence of continuous improvements in the industry’s adoption and implementation of 
processes and products that such “routine innovations” should have brought about. 
Groak (1992) explains that the innovation that takes place in the construction 
industry is often informal, unrecorded and bespoke to one project. It is difficult to 
measure such efforts, and thus they are often not included in empirical studies (Aghion 
and Howitt, 1998). This suggests that there is not only a substantial underestimation of 
the scale of resources devoted to innovation but also an under-evaluation of the level of 
innovation that is carried out in construction. However, Winch (1998, p. 273) argues that 
‘For problem-solving to become innovation, the solutions reached… must be learned, 
codified, and applied to future projects.’  
Technology is human knowledge both as an input of production and as an output 
which may become an innovation (Cohen and Levinthal, 1989). Simply, this knowledge 
is classified into two basic types by economists (Arrow, 1994; Rosegger, 1996) and 
technologists alike (Stinchcombe, 1959; Toole, 1998): (1) the written ‘recipes’ for 
production, such as operating instructions or blueprints; and (2) the unwritten, and in 
most cases not codifiable know-how or tacit knowledge required for utilizing these 
recipes. The first classification facilitates accountability and represents a formal work 
process while the second classification includes intangible assets that cannot be 
measured and detailed, the informal application of knowledge. 
Informal R&D in the construction industry is often stimulated by the requirement 
for an innovative response to an immediate problem or to meet the client’s specific 
needs. It is generally not driven by the strategies for sustained competitiveness and 
continuous improvement. Although many authors (Rosenberg, 1993; Slaughter, 1993) 
and OECD reports (OECD 1996a, 1997a) (Section 2.2) stress that innovation can emerge 
from various sources of activities and not only from formal R&D, this study argues that 
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the lack of a planned procedure in construction, which retains the know how for future 
reapplication, does not allow the deliberation and investigation process to be defined as 
R&D and for the “invention” to be called an “innovation”. The intention to innovate 
should itself be a constant purpose (Pedersen, 1996). Constancy of purpose will provide 
the secure atmosphere in which innovation can flourish. Innovations are changes that 
persist, and are significant enough that they are documented (Shields, 2005).  
Hence, this study defines innovation as “the purposeful search for new knowledge 
and the systematic application of this knowledge in production”. Therefore, in the context 
of this study, the measurement of innovation will thus be product and process 
advancements generated from systematic R&D. This measure of innovation is similar to 
the OECD’s where innovation is substantially measured from systematic R&D (Section 
2.2).  
2.5 SCOPE OF CONSTRUCTION INNOVATION CONSIDERED IN THIS STUDY 
Bowley (1960a) is the first author who noted that two types of innovations are evident in 
construction: those that changed the product and those that affected processes. Since then, 
there have been considerable efforts among authors in distinguishing innovations which 
improve the construction product (Nam and Tatum, 1989; Groak, 1992) and those which 
improve the construction process (Nam and Tatum, 1988).  
In construction, the “product” often takes the form of a building or an infrastructure. 
The complexities of mechanical and electrical services and internal transport systems of a 
constructed product increase the difficulties of incorporating, say, a novel material 
(Bowley, 1960b). This is because the totality of both improvements and deteriorations 
from any innovation has to be jointly received whether or not they are jointly demanded 
(Gann, 2000). 
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“Process” often relates to a series of operations to achieve a desired purpose or 
product. Groak (1992, p.121) defines the construction process as,  
‘The organizing or bringing together of a set of inputs or resource flows, and their 
assembly or transformation into a specified building output or product, in a given 
period of time, on a specified site.’  
 
Nam and Tatum (1989, p.518) define the construction process as ‘the continuing, 
integrated procedure that results in the output as specified in the contract.’ Apart from an 
improved construction product, output from the innovative construction process can also 
lead to project enhancements such as managing site constraints, faster construction and 
improved safety (Slaughter, 2000). 
Winch (2003) notes that for over 20 years, innovation research has been dominated 
by Abernathy and Utterback’s model (summarized and developed in Utterback, 1994) 
where product-enhancing innovation is the key. Nonetheless, Slaughter (2000) argues that 
in construction, the process of innovation is also important. This is because the 
introduction of innovation projects by one party requires the collaboration of others if it is 
to be successful. Using the Porter (1985) framework, Winch (2003) observes that every 
industry is part of a larger innovation system with linkages between different value chains 
of the system. 
Winch (2003, p. 652) hence notes that at a simple level, any value system can be 
regarded as consisting of sequentially arranged value chains of ‘A design → B 
manufacture → C distribute →  D maintain’. In the international standard industrial 
classifications (ISIC) for “construction” (ISIC code 45), “construction” is only classified 
under B, C and D-sector firms as: Site preparation; Building of complete constructions or 
parts thereof; Civil engineering; Building installation; Building completion; and Renting 
of construction or demolition equipment with operator. The A-sector firms, which consist 
of architectural and engineering consulting firms, are excluded from ISIC code 45. Thus, 
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construction activities are not fully captured by ISIC code 45, as pre-fabricated housing 
firms are often in a manufacturing category and many engineering firms are in a service 
category. Therefore, Winch (2003) notes that most product innovation in “construction”, 
often undertaken by the A-sector firms, are usually excluded from innovation research as 
statistics do not consider them. From this, Winch (2003), Reichstein et al. (2005) and 
Manseau (2005) raise the problem that in the case of the construction industry, only 
process innovation can be easily identified under the ISIC code 45 devoted to 
construction.  
Furthermore, as A-sector firms’ activities are allocated to a group within “Other 
Business Services” in ISIC code 74.2, Manseau (2005) notes that assessing the economic 
importance of construction products and materials, the activities of A-sector firms, is very 
difficult as they are widely dispersed in a number of manufacturing sectors.  
To overcome such limitations in investigating innovation in the construction 
industry, Reichstein et al.’s (2005) study of the innovative behaviour of construction 
firms, grouped architecture, engineering consultancy and associated services into the 
broad definition of the “construction industry”. This study has refrained from doing 
likewise. This is because firstly, to obtain data for the “design and consultancy sector” of 
the construction industry, Reichstein et al. (2005) drew data from the UK innovation 
survey which involved a total of over 19,600 business units. However, this study’s 
research method involves the collection of national data across 17 countries (Section 6.4). 
Therefore, a research method similar to Reichstein et al.’s (2005) will be too wide for the 
scope and time frame of this study. Secondly, while Reichstein et al.’s (2005) objective is 
to enable a close comparison between the construction industry and other sectors of the 
economy, one of the aims of this study is to investigate and highlight the particular role of 
an NSI actor in promoting construction innovation through its interaction with other NSI 
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actors within the NSI. By aggregating the roles of designers, consultants and contractors 
into a single measurement of innovation, the said objective of this study cannot be 
accomplished.   
Ivory (2005) observes that in construction, process innovation can take place at a 
supplier’s premises and during projects at the client’s premises. He further notes that 
contractors, being most involved in this aspect of the construction process, are the key 
drivers of innovation within it. Since the perspective of process innovation differs across 
different construction parties (Section 2.4), this study investigates in particular, the 
contractor as an NSI actor and a key player in the “manufacturing stage” of the 
construction value chain. Winch (2003) notes that such comparisons of national 
construction industries using the United Nations standards remain possible. Within this 
defined scope, “construction” as defined by the ISIC code 45 will suffice as a suitable 
category for investigating the level of innovation by contractors. This will thus, offset the 
problems raised by Winch (2003), Reichstein et al. (2005) and Manseau (2005).    
However, contractors must act, not in isolation, but under the scrutiny of their 
clients (Ivory, 2005). Nonetheless, the involvement of the client may be limited by its 
own competence to understand the technical issues related to innovation (Nam and 
Tatum, 1997). Therefore, often architects and engineers act as gatekeepers of 
technologies for clients (Winch, 2000). Hence, in this study, the role of designers and 
consultants is not excluded. They are integrated with the role of clients as the expertise 
and knowledge sources of clients. Therefore, it is the role of the designers and 
consultants, as representatives of clients, to push forward the idea of innovation through 
demands on the construction firms for higher construction productivity and quality 
through process innovations. This notion is further developed in Section 3.5.2.  
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Cleff and Rudolph-Cleff (2001) deduce that the most important collaborators for 
innovative construction firms are clients followed by competitors, suppliers and 
university and research institutes. On the other hand, considering the flow of information 
into the construction industry, Cleff and Rudolph-Cleff (2001) conclude that competitors 
have the highest significance followed by suppliers and clients. These highlighted actors 
stem from the three categories of the national institutions, commercial enterprises and 
governments that were investigated in other studies (Section 2.10). Hence, this study 
specifies the NSI actors as: Contractors, Clients, Related and Supporting Industries, and 
National Institutions. 
2.6 THE NEED FOR INNOVATION IN CONSTRUCTION  
This section aims to discuss the importance of innovation in the construction industry. 
Economists have always recognised the central importance of technological 
innovation in economic growth. Adam Smith’s Wealth of Nations (1776) discusses 
‘improvements in machinery,’ Karl Marx’s (1859) model of the capitalist economy 
ascribes a central role to technological innovation in capital goods and Alfred Marshall 
(1920) describes knowledge as the chief engine of progress in the economy. Baumol 
(2002) observes that innovation is vital for the future economic performance of all 
nations (p. 133-134),  
‘Per capita GDP has increased almost nine-fold in the United States since 1870…  
nearly ninety percent of current US GDP was contributed by innovation carried 
out since 1870… [As] pre 1870 innovations such as the steam engine and the 
railroad… still add to today’s GDP.’  
 
Therefore at the national level, Schumpeter (1942) terms product and process 
enhancement though innovation generically as the fundamental impulse that keeps 
capitalism going. 
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The construction industry typically produces between 6 and 10 percent of GDP in 
most advanced economies, hence, it is an important sector towards the development of a 
country (World Bank, 2004b). There is thus, national and/or social pressure on the 
construction industry to improve its efficiency. For instance in Singapore, the 
government implemented a series of schemes such as the Construction Quality 
Assessment Scheme (CONQUAS) (Building and Construction Authority (BCA), 2006) 
which objectively measures the level of quality attained on each public construction 
project. Another scheme is the Buildable Design Assessment System (BDAS) (BCA, 
2006a) which measures the potential impact of a building design on the usage of labour. 
To be granted building plan approval, the design of a building must attain a stated 
minimum BDAS score.  
However, in the absence of legislation, Gann (2000) observes that construction 
firms can afford not to innovate because site based projects, with the protection afforded 
by transport cost, lack internal sectoral dynamics that impose competitive pressures on 
non-innovating firms. Nonetheless, this does not imply that competitive advantage in 
construction is redundant and innovation is dispensable. On the contrary, many of the 
created assets in today’s organisations are intangible and are “firm” or “ownership” 
specific (Dunning, 1993). Hence, they create increasing international mobility on the part 
of enterprises and technologies (Lundvall, 1992; Nelson, 1993) that makes the 
competition between construction firms of different origins intense. Therefore, this study 
argues that the geographical constrains of construction products may no longer offer 
protection from competition. Innovation and its generated competitive advantages are 
valuable strategic assets in such a competitive environment. 
Although innovation is beneficial to both the firm and the nation, there are “costs” 
in acquiring innovation. In general business theories, these “costs” are usually imposed 
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on firms undertaking the innovation. In return, innovation provides these firms with 
possible reactive strategies to prevent losing market share or proactive strategies to gain 
a strategic market position relative to their competitors (Porter and Linde, 1995) and 
possibly improve profitability. These returns are based on innovations that are able to 
provide a source of competitive advantage, whereby slow response of competitors to 
such innovation strategies will yield competitive advantage to the firm. Hence, for a 
business entity in general, the act of innovating can enhance a company’s reputation and 
provide firms with the capability to capture a substantial level of market share or create 
an entirely new market opportunity through serving a market segment that others have 
not realized, or have ignored (Slaughter, 2000).  
For business investments in innovation to increase, there must be adequate 
incentives to invest (Harper, 1963). Nonetheless, “cost” of innovation is often regarded 
as high for business in general and construction in particular as it takes time to develop 
innovation and trial innovations may be costly (Gerwick, 1989). In addition, in 
construction, potential technologies are often not widely diffused (Toole, 1998). Hence, 
contractors are typically missing a great amount of information and poor decisions on 
adoption of new technologies are likely to lead to severe consequences such as project 
failure, resistance by consumers or other groups. Furthermore, Dulaimi et al (2002a) 
observe that even when innovations are effectively implemented, there is no guarantee 
that they will, in fact, prove beneficial to the firm. Firms have to be able to choose the 
most suitable technologies available to them, and having chosen them, to use them to 
their full potential (United Nations Centre for Human Settlements, 1995). Innovation can 
maximize its potential only if its capabilities and ambitions match the company's wants 
and needs (Bingham, 2003): cost reduction; new product features and line extensions; 
new products to augment existing lines of business; and new products for new lines of 
business. 
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However, in Bingham’s (2003) proposed list of a company’s wants and needs, cost 
reduction is often the only selection criterion applied by construction clients. Clients in 
construction have the tendency to award projects based on the lowest cost resulting in 
low profit margins that provide inadequate incentives for construction firms to innovate. 
This is especially so for public clients who have a duty to account for the taxpayer’s 
money (Latham, 2002). Construction firms, thus move away from the need to 
differentiate themselves in terms of technological capabilities towards differentiation in 
terms of costs. Since cost is the focus of competitive advantage in the construction 
industry and innovation is a cost expense, innovation is not a feasible strategy towards 
the competitive advantage construction firms are seeking. Hence, Nam and Tatum (1992, 
p.520) observe that: 
‘Material suppliers develop new materials, equipment suppliers develop new 
equipment and construction professionals are rarely aware of these developments; 
their focus is usually on reducing the material and labour requirements for a 
project.’ 
 
However, this focus on cost reduction has led to under-achievement by the 
construction industry. Gann (1994) observes that the construction industry is still widely 
perceived as being slow to innovate, remaining as a labour-intensive industry with slow 
productivity growth. Many authors have also pointed out that the need for reform within 
the industry is acute with growing pressure for organizational, operational, structural and 
cultural transformations (Federle and Chase, 1993; Jaafari, 1997; McGeorge and Palmer, 
1997). In Singapore, a low level of construction R&D has corresponded to a negative 
construction productivity growth every year since 1995 (Construction 21 Steering 
Committee, 1999). Okamoto (1998) observes that it is increasingly necessary for the 
construction industry to engage in or continue with persistent R&D due to the increased 
competitiveness in the industry. The five major construction companies in Japan 
recognise that having superiority in technological development is essential for the 
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progress of companies (Okamoto, 1998). Mr. Yoshino, Chairman of the Construction 
Industry Basic Issue Study Committee of the Japan Federation of Construction 
Contractors, Inc. (April, 1987) states that,  
‘The result of technological development lives in the fruit of the expansion orders 
received and an increase of profits. The reason why Japanese construction 
companies cannot be defeated by foreign companies in their technical power is 
because Japanese companies have a basis for R&D. In the future, the investment 
in R&D must be increased and now is the era when we should review the research 
system without waste as the whole industry.’  
 
Therefore, the need to accelerate the rate of technological innovation in the 
construction industry is evident (Halpin, 1992). Nonetheless, various characteristics of 
the construction industry impede innovation. This study now investigates the theoretical 
suggestions afforded in the literature of the manner in which these inherent 
characteristics of the construction industry impede innovation. 
2.7 HINDRANCE OF INNOVATION PRACTICES IN CONSTRUCTION 
From the above discussion, the importance of innovation in construction is evident. 
Consequently, authors such as Miles (1996) pose the question, ‘where is the Henry Ford 
of future housing systems?’ Betts and Ofori (1992) suggest that the prospect for 
innovation in construction is unfavourable and construction offers little opportunity for 
the application of innovation due to several reasons now discussed.  
First, Betts and Ofori (1992) observe that in construction, the companies do not 
offer designs but only provide one-off projects in response to clients’ demands. With few 
opportunities to differentiate their products, product differentiation seems elusive. 
However, Cannon and Hillebrandt (1990) offer four means of product differentiation in 
construction: by offering a range of project management methods; by extending from 
construction into design; by extending into financial packaging; and by extending forward 
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into commissioning and facilities management. Innovation can play a critical role in all 
these approaches. 
Second, Betts and Ofori (1992) and Reichstien et al. (2005) suggest that small 
construction firms seem to find more factors hampering innovation than large firms. This 
view ties in with Schumpeter’s (1943) and Brouwer and Kleinknecht’s (1996) notion that 
large firms are necessary to promote innovation. Schumpeter (1943) links firm size and 
innovation for three distinct reasons: only large firms could afford the cost of R&D 
programs and the development of R&D capabilities (also see Reichstein et al., 2005); 
large, diversified firms could absorb failures by innovating across broad technological 
fronts; and firms need some elements of market control to reap the rewards of innovation.  
However, other authors (such as Teece, 1992; Nelson and Winter, 1982) argue 
against the supposed advantages of monopoly power and firm size towards innovation. A 
high number of small businesses present in a sector may lead to stronger competition, 
which might force firms to be more alert with respect to innovation (Kay, 1996; Lim and 
Ofori, 2005). Nonetheless, for a competitive environment to be sustainable, it has to be 
accompanied by firms with high R&D capabilities (Ofori and Betts 1992). This is because 
to maintain competitiveness, the introduction of new knowledge by any innovating firm 
should dilute the extent to which existing firms have advantages over it (Nelson and 
Nelson, 2002). This would create the competitive edge for the innovating firm and a 
sustainable competitive environment. This suggests once again the notion that firms 
require advanced R&D capabilities.  
Third, due to the relatively low capital requirements, lack of statutory controls in 
most countries and a variety of technology that may be used for the same operation, much 
construction work is relatively simple and the rate of change of technology is very slow 
(Betts and Ofori, 1992). As discussed in Section 2.4, Gann (2000) suggests that the reason 
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for the slow development of technology in the construction industry is due to an emerging 
distinction in the separation of scientific, technical and engineering knowledge between 
that required for architectural, structural and engineering design. This is further 
complicated by the limited sharing of knowledge between various construction parties 
due to the difficulties in resolving differences in perception among construction 
practitioners with different backgrounds and interests (Dulaimi et al., 2002b). Such 
segmentation of the industry would prevent any large-scale integrated R&D efforts. Thus, 
minute improvements often dominate the innovative aspect of construction (Nam and 
Tatum, 1992). 
Nonetheless, Gann (1994) notes that parts of the construction industry have been 
remarkably innovative. For instance, during the 1980s many organizational changes were 
made in attempts to meet requirements of producing new types of buildings and that 
many new technologies were also adopted (Gann, 1991, 1992). For example, in Japan, 
technological research institutes of the general contractors provide relevance and concrete 
application of research to production (Okamoto, 1998). Obayashi’s Big Canopy 
(Obayashi, 1995) and Shimizu’s SMART system (Shimizu, 2000) are both automated 
intelligent systems for high-rise building construction. Similarly, Betts and Ofori (1992) 
observe that the intensity of competition in construction is similar to any other sectors of 
the economy. Gann (1994) notes five areas of major technological innovation that have 
resulted in considerable changes in construction projects and processes, as well as 
industrial structure and competition: 
(i) The use of information technology in the construction process; 
(ii) The use of information technology in building such as “intelligent buildings”; 
(iii) Mechanization of construction activities; 
(iv) Prefabrication; and 
(v) New materials. 
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However, from this discussion of hindrances of construction innovation and as 
Winch (2003) suggests, there is still room for the construction industry to improve its 
performance. In particular, there is a need for an integrated knowledge of systems if 
performance improvement of constructed products and technologies is to be achieved 
(Nam and Tatum, 1992; Gann, 2000). This study thus adopts the concept of the NSI to 
integrate various subsystems, such as the government, national institutions and 
commercial enterprises, into an effective mechanism that promotes innovation in the 
country. 
2.8 SINGAPORE’S FOCUS ON INNOVATION 
To investigate the possibilities of promoting construction innovation by Singapore 
contractors, this study considers the development of and government initiatives for 
innovation in Singapore generally in Section 2.8.1 and construction particularly in 
Section 2.8.2. Next, the specific problems faced by the industry are discussed in Section 
2.8.3.  
2.8.1 Promoting Innovation in Singapore’s Economy 
In the 1960s, Singapore was a third world country with a GNP per capita of less than 
US$320 (EDB, 2004). The infrastructure was poor, there was little capital, and the small 
local industries were producing only for domestic consumption. Hence, when Singapore 
gained its independence in 1965, its challenges among many others were to confront the 
massive unemployment and labour unrest, cultivate an environment conducive to 
industrial development and develop export-oriented industries. Nonetheless amid these 
tough challenges, Singapore achieved rapid economic growth and development. Between 
1966 and 1978, the average growth rate of real GDP was about 12.4 percent per annum 
while from 1980 to 1990, its real GDP averaged 7.3 percent growth (Tan, 2004a). 
Singapore’s real GDP growth (from 1965 to 1989) was amongst the highest in the world 
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(James et al., 1989). In 1991, over a short period of 27 years since independence, the 
World Development Report classified Singapore as a high-income economy and grouped 
it in the same category as the developed OECD countries (World Bank, 1991). In the 
period after 1991 till present, Singapore has been facing fluctuating real economic 
growth. There were high growths of 11.7 percent in 1993 and 10 percent in 2000 for the 
total economy while in 1998 and 2001, there were negative growths of –1.4 and –2.2 
respectively. However overall, Singapore had a positive average growth of 5.3 percent in 
the last decade (1995-2004) (Singapore Department of Statistics, 2006). Today, 
Singapore has a GNP per capita of US$24,741 (Singapore Department of Statistics, 
2006). 
In the 1980s, one of the most prominent development strategies undertaken by 
Singapore was the "Second Industrial Revolution" (EDB, 2004). Singapore adopted a 
restructuring program to move away from the labour intensive, mature industries into the 
capital, and technologically intensive industries such as R&D, engineering design, and 
computer software services (Hakam, 1982). The Economic Committee (1986, p.2) 
identifies innovation as ‘one fundamental issue which would well determine the long term 
growth and international competitiveness of our local industries.’ However, Hakam 
(1982) observes that R&D was the most difficult development issue in Singapore’s 
restructuring program. He provides two reasons. First, it required an enormous scale of 
finance to build the physical R&D infrastructure and to cultivate the scientifically 
qualified human resources to man them. Second, Singapore, common to the other three 
newly industrialised countries of Asia in that period, was heavily dependent on 
multinationals for much of their capitalization and technological transfer. Hence, large 
extents of technological transfers were difficult, as the (multinational companies) MNCs 
had largely centralized their R&D in their home countries. 
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Therefore, for Singapore to successfully achieve its restructuring goal, the 
government had to develop a favourable location for MNCs to set up their R&D 
operations in Singapore. This involved providing world-class R&D infrastructure and 
improving Singapore manpower’s capabilities (EDB, 1992). Various government 
organisations were designated to spearhead and align their operations to bring about the 
required progress. Two of the leading organisations were and still are, the Economic 
Development Board (EDB) and the Standards, Productivity and Innovation Board 
(SPRING).  
The EDB, set up in 1961, is Singapore's lead agency responsible for planning and 
executing strategies to sustain Singapore's position as a compelling global hub for 
business and investment. In the 1980s, to meet the specialised manpower needs of high-
technology industries, the EDB established joint institutions with the governments of 
Japan, Germany and France (EDB, 2004) to train Singaporeans for specialised jobs in 
electronics and engineering. The EDB also took on the task of administering the Skills 
Development Fund to encourage the right kind of manpower training.  
The Small Enterprise Bureau was set up in 1986 by the EDB to shape a range of 
assistance schemes to help small local enterprises grow. Examples of key assistance 
schemes the EDB administers are: the Product Development Assistance Scheme (PDAS) 
(EDB, 2004) that encourages local product design and development of indigenous 
technological know how through cash grants; and the Initiatives in New Technology 
(INTECH) programme which encourages manpower development in the application of 
new technologies, industrial R&D, professional know-how and design and development 
of new products, processes and services. 
The EDB also provides incubators that offer workspace, financing and general 
advice for new start-ups. For example, HOTSpots initiated by the EDB in 2002, is a 
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programme that aims to boost technopreneurship in Singapore by linking up 
technopreneurs and technology-related companies across the island (Hotspots, 2006). In 
addition, the EDB took part in a government initiative together with the Jurong Town 
Corporation (JTC) in 1980 to develop the Science park, an infrastructure for R&D to 
flourish in Singapore. The JTC established a subsidiary company in 1990, Technology 
Parks Pte Ltd, to manage the Singapore Science Park on a commercial basis. 
The National Productivity Board (NPB), set up in 1981, steers the specific 
programmes of the Singapore Productivity Movement spearheaded by the National 
Productivity Council. In 1996, NPB merged with the Singapore Institute of Standards & 
Industrial Research (SISIR) to establish the Singapore Productivity and Standards Board 
(PSB). Today PSB is also known as the SPRING. The SPRING helps enterprises to 
upgrade their organization systems and processes and creates conditions that encourage 
higher productivity and innovation and a service focus. It also provides customized tools 
and resources to help enterprises to accelerate their growth. Focused assistance is 
provided to accelerate the development of high-growth enterprises (SPRING, 2005). 
Some key examples of assistance schemes that the SPRING administers are (SPRING, 
2005): the Start-up Enterprise Development Scheme (SPRING SEEDS) which 
encourages private sector investment in innovative non-technology start-ups through 
matching every dollar raised from a third-party investor by the firm up to a maximum of 
S$300,000; and the Local Enterprise Technical Assistance Scheme (LETAS) which helps 
SMEs (small medium enterprises) defray the cost of engaging an external consultant to 
help them modernise and upgrade their operations. 
With the rapid emergence of new technologies through these government 
initiatives, the need for innovative activities had become even more acute in the 1990s 
(EDB, 1992). The importance of building up capabilities in product design and 
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development among local companies was, as noted in the Economic Committee report, 
one of Singapore’s top priorities and vital in maintaining the local industries’ long-term 
growth and international competitiveness (EDB, 1992). To set the stage for building a 
knowledge-based economy that meets the challenges of the millennium, Singapore 
developed a set of national plans in 1999. Notable, in the context of this study, are the 
national plans of Manpower 21, and Productivity Action 21 (ProAct 21), Positioning 
SMEs for the 21st Century (SME 21), which provided an overall scope of Singapore’s 
strategy for national advancement. In all three national plans, innovation is one of their 
key focuses.  
In Manpower 21, six key strategies are highlighted to evolve Singapore into a 
“Talent Capital”, where the knowledge, skills and attitudes of the people are Singapore’s 
key competitive advantage (MOM, 1999). A particular strategy, “Developing a Vibrant 
Manpower Industry” highlights the need for world-class R&D Institutions to be set up in 
Singapore. It observes that Singapore needs a dynamic and responsive manpower industry 
that can support the development and management of a world-class workforce. To 
achieve this ambition, the Ministry of Manpower (MOM) strategises with the EDB to 
encourage world-class institutions and high value-added global manpower companies to 
set up operations in Singapore. The MOM and the EDB specifically target international 
organizations that perform R&D in workforce training and organisational development, to 
enable local companies to benchmark themselves against global players (MOM, 2006a). 
The National Productivity and Quality Council has developed the ProAct 21 plan in 
response to the challenge of harnessing innovation for total factor productivity (TFP) and 
economic growth. ProAct 21 focuses on developing a productivity movement for the 
nation. It believes that productivity is the cornerstone of economic growth. The vision of 
ProAct 21 is for Singapore to become a knowledge-based economy deriving its 
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competitive edge from productivity through three strategic outcomes (PSB, 1999): People 
for Jobs, Jobs for People; Business for the Future, A Future for Business; and Innovation 
in Place, A Place for Innovation. This study’s interest lies in the last strategic outcome 
which calls for a culture of innovation. This approach encompasses the continual effort in 
fine-tuning regulations and institutions that have a bearing on the innovation capacity of 
organisations and the workforce. 
Regarding innovation by domestic firms, the EDB (1992) observes that local 
innovators are often beset by a host of problems when they try to transform their ideas 
into commercially feasible products. They usually lack technical know how and prototype 
making facilities and may be uncertain about patents, or may be short of funds. SME 21 is 
a 10-year strategic plan aimed at building up the capabilities of the small-medium 
enterprises1 (SMEs) to enhance their contribution to Singapore’s competitiveness and 
economic growth. Local SMEs are an important part of the Singapore economy. They 
comprise 92 percent of total establishments, employ 51 percent of the workforce and 
generate 34 percent of the total value added (Department of Statistics Singapore, 2005). 
However, their productivity is only about half that of the non-SME establishments 
(SPRING, 2004). SME 21 took a three-pronged approach to SME development (EDB, 
1999): Grooming innovative high-growth SMEs; Developing productivity SMEs; and 
Creating a knowledge-based, pro-enterprise environment. To achieve these goals, several 
programmes are developed at three strategic levels: Enterprise-Level Strategies; Sector-
Level Strategies; and Broad-Based Strategies (EDB, 1999). 
                                                 
1 Local SMEs refer to companies with at least 30 percent local equity, have fixed 
productive assets (defined as net book value of building, machinery and equipment) of 
not more than S$15 million and have a staff strength of not more then 200 if they are in a 
commerce of service sector (EDB, 1999).  
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There are some 8,500 registered firms in Singapore’s construction industry 
(Department of Statistics, 2005), employing about 148,100 workers in 2004 (MOM, 
2006b). The construction industry is largely dominated by local companies, which form 
97 percent of the total number of establishments (EDB, 1999). Among the local 
construction companies, 84 percent are small-sized2, 13 percent are medium-sized2 and 
the remaining 3 percent are large-sized2. In terms of number, the construction industry is 
dominated by sole proprietorships which are mostly one-man operations engaging in 
renovation or simple installations in buildings (EDB, 1999). 
Hence, this study’s focus is on SME 21’s first strategic goal, “Grooming innovative 
high-growth SMEs”. This goal aims to develop world-class SMEs that can compete 
globally on a sustainable basis. These SMEs will produce innovative products and 
services, use information and technology to add value to new products and services, 
develop and use brands to increase the knowledge component of their products, and have 
superior distribution channels (EDB, 1999). The result will be higher sales for the SMEs. 
The target is to treble the number of local SMEs with sales turnover of S$10 million and 
above from 2000 to 6000 by 2010. Realising this target means that one in every fifteen 
local SMEs will have the potential to become a large company (EDB, 1999). In line with 
this study’s objectives, SME 21 identified, under the sector-level strategy, the need to 
upgrade the construction industry. 
2.8.2 Innovation in Construction in Singapore 
Overall, the productivity level of the construction industry is S$33,000 per worker, which 
is about two-fifths that of the manufacturing sector (EDB, 1999). The productivity level 
varies among enterprises engaged in different types of construction activities. Enterprises 
                                                 
2 Small sized contractors are defined as those with less than S$250,000 in paid-up capital 
while medium-sized contractors have paid-up capital between S$250,000 and S$2.5 
million. Large-sized contractors have paid-up capital of more than S$2.5 million (EDB, 
1999).  
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involved in the production of precast components and in piling works generate the highest 
value per worker, at S$51,000 and S$47,000 per worker respectively (EDB, 1999). The 
large-sized contractors are the most productive while the small-sized contractors, which 
engage a larger proportion of  and unskilled workers, are the least productive. Overall, the 
industry also records a high number of accidents with 1216 accidents and 30 fatalities in 
2004 alone (MOM, 2006a). This was a 37 percent increase in the number of accidents 
since 10 years ago. To address the challenges of upgrading the construction industry in 
the new economy, the Construction 21 (C21) initiative was launched in 1999 to develop 
the construction industry: “To be a World-Class Builder in the Knowledge Age” 
(Construction 21 Steering Committee, 1999, p. ii). 
The Construction 21 (1999) study observes that there is a need for a paradigm shift 
in the image, processes and purpose of the construction industry. The industry must 
transform itself into a knowledge and high-value added industry that generates wealth for 
its players and for Singapore as a whole (Construction 21 Steering Committee, 1999). In 
order to fulfil this vision, the Construction 21 Steering Committee (1999) formulated 6 
strategic thrusts and 39 recommendations of which, 13 recommendations relate to 
innovation. These strategies portray a concerted national effort to tackle the challenges 
facing construction. Dr Lee Boon Yang, the then Minister for Manpower, highlights the 
problems of the construction industry as segregated design and construction processes, 
construction methods that are generally labour-intensive and out-moded and the reliance 
on low-wage manual labour to sustain growth and profitability (MOM, 2002).  
Accompanying the C21 strategic thrusts and recommendations, the BCA 
administers a wide range of financial assistance schemes to encourage the application and 
development of new technologies and best practices. The current schemes include: the 
Investment Allowance Scheme (IAS) that provides tax allowance for purchase of new 
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equipment, with priority given to productivity-enhancing items; and the Innovation 
Development Scheme (IDS) that aims to encourage and assist Singapore-registered 
companies and organisations to engage in the innovation of products, processes and 
applications and develop depth in innovation capabilities (BCA, 2003).  
The BCA also encourages and publicizes strategic technologies: the PREFAB 
Architecture (BCA, 2003), a joint publication by the BCA and Singapore Institute of 
Architects (SIA), features solutions for buildings using prefabrication; the Modular 
Coordination Guide (BCA, 2003) introduces the concepts of modular coordination and its 
benefits; and The Enterprise Challenge Shield is a prestigious yearly award for the 
innovation project that benefits the Public Service the most. 
The construction R&D survey for 1990 showed that there was a start of a trend of 
commitment by the industry in terms of investments in construction R&D (Cheong, 
1991). It also indicated that more firms in the industry were not only beginning to invest 
in R&D work as an important long-term strategy to strengthen their competitiveness but 
were also broadening their product market through collaborative partnerships. Notable in 
these were the industry’s linkages with academic and research institutions.  For example 
in 1991, the then CIDB embarked on a joint R&D project with the Nanyang 
Technological University and Eastern Partek Pte Ltd. to investigate the performance of 
external wall tiling and curtain walls in tropical climates (CIDB, 1991). In 2001, The 
NUS Centre for Total Building Performance (CTBP) engaged in R&D collaboration with 
Premas International, the region's leading total asset management company, to help 
accelerate the rate of technology uptake (NUS, 2001). In 2005, the BCA in collaboration 
with Jetsis International developed the portable field water-tightness testing device.   
Singapore has indeed identified innovation as a potential driver of growth for the 
nation generally and construction industry specifically. Nonetheless, there are specific 
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conditions in Singapore and in the construction industry particularly that do not drive the 
importance of innovation to the local enterprises. These problems are discussed further in 
the next section (Section 2.8.3). The initiatives by the government and national 
institutions discussed in this section show the nation’s commitment to developing a 
national R&D infrastructure and environment. The alignment of these national policies 
with sector-specific strategies such as those for the construction industry also shows 
Singapore’s dedication to improving technology advancements and construction 
management techniques. Hence, a system of interconnecting parties that come together to 
recognise the need to improve the nation in general and the construction industry in 
particular is emerging. 
2.8.3 Present challenges of Singapore’s construction industry and the role of 
innovation 
 
Singapore’s construction industry is facing various challenges. The industry has relatively 
poor productivity (Table 2.1) and safety (Section 2.8.1), and investments in R&D is low 
(Astar, 2005). There are also inadequate financial resources for contractors to support 
their R&D activities (The Economic Committee, 1986; Construction 21 Steering 
Committee, 1999). The productivity and safety performances of the construction industry 
in Singapore are seen to lag behind those in countries such as Australia, Japan and the US 
(Construction 21 Steering Committee, 1999). With construction contributing an average 
of 7.18 percent of GDP in Singapore for the past 10 years (1994-2003) (Table 2.1), the 
poor productivity and safety performances of the construction industry may reduce the 
overall level of national GDP. Thus, improving construction productivity in Singapore is 
















Construction GDP to 
National GDP  
 Percentage Change S$Mil S$Mil Percentage 
1994 -5.3 7653 110109 6.95 
1995 4.6 8385 118963 7.05 
1996 -3.8 10323 128679 8.02 
1997 -4.8 12032 139696 8.61 
1998 -5.7 12325 138637 8.89 
1999 -4.7 11217 148108 7.57 
2000 -2.5 11133 162379 6.86 
2001 -0.6 10846 159212 6.81 
2002 -1.0 9530 164255 5.80 
2003 -0.5 8628 166492 5.18 
All prices are as at 1995, Singapore Currency. 
Source: BCA (2006) 
 
The Construction 21 Steering Committee (1999) largely attributed the low level of 
construction productivity in Singapore to the industry’s reliance on unskilled foreign 
workers. However, Chionh (1999) observes that there may be other inter-related reasons 
such as industrial practices of extensive sub-contracting and labour-intensive work 
methods. Construction 21 Steering Committee (1999) observes that other related reasons 
might be: tendering practices that require extensive time and resources by contractors 
that may deny contractors the resources to engage in R&D; inadequate new 
technological breakthroughs in the industry; and inadequate dissemination of research 
findings due to the dispersion of R&D activities in private companies and tertiary 
institutions. These add to the challenge for Singapore contractors engaging in innovation. 
A survey of the Singapore construction industry by Dulaimi et al. (2002a) noted that 
general contractors’ top three challenges are: client focus on lowest price at the tender 
stage; allowing too many companies to tender for any single project; and lack of 
incentives to encourage creativity and innovation in construction. 
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The HDB, a major public-sector client, observes that to sustain high productivity 
growth, there is a need to cultivate and maintain a culture of innovation (Chionh, 1999). 
The low investment in R&D by Singapore contractors is damaging the industry’s ability 
to keep abreast of innovation in processes and technology (Construction 21 Steering 
Committee, 1999).  The low level of investments in R&D by Singapore contractors in the 
1980s, may be attributed to the local contractors feeling suppressed by the increased 
influence of foreign counterparts in the local industry. The local contractors protested that 
they were being deprived of the opportunity to acquire the necessary track records to 
grow (The Contractor, 1982). SCAL complained that there was (Property Market 
Consultative Committee, 1986, p.79) ‘unequal competition from foreign contractors… 
[who] had the support of their domestic industrial base’. In addition, SCAL (1986) also 
argued that foreign firms were bigger and had the backing of their governments. Ofori 
(1988, 1993) describes the local contractors as becoming resentful towards their foreign 
counterparts during a severe downturn in construction between 1985 and 1988. The local 
contractors feared that the increased competition arising from the inflow of foreign firms 
could edge them out of their domestic market and, as a result, stifle the development of 
the local construction industry (The Contractor, 1982).  
The local contractors appealed to the government to regulate the operation of 
foreign firms (Ofori, 1996). This request was not acceded to. The government maintained 
its open-market policy for the economy. However, the government sought to enable local 
contractors to benefit from the advanced management and technological capabilities of 
the foreign contractors. For instance, it instituted the preferential margin scheme (PMS) in 
1983, which offered bidding preferences to local construction firms and joint ventures 
with significant local ownerships on major public projects. However, the local contractors 
were suspicious about the commitment of foreign firms to technology transfer (The 
Contractor, 1985, SCAL 1986). In 1988, the PMS was replaced by the quality premium 
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scheme. The CIDB observed that the construction industry had gown to a level that no 
longer need to rely on costs but quality (BCA, 2003). Ofori et al. (2002) observe that in 
Singapore, much technology transfer from foreign to local firms has undoubtedly taken 
place although foreign firms do not adopt a systematic approach to effect it. 
Ho’s study (1987) showed that the competitive edge of foreign firms in Singapore 
over local firms is due to their ability to deliver higher quality of work with timely 
completion with their superior project management and technological expertise. 
Similarly, The Straits Times (1998, p. 46) and Ofori et al.’s (2002) study found that 
foreign firms have been more competitive than their Singaporean counterparts especially 
on large-complex projects. For instance, Shimizu Corporation, a Japanese construction 
firm, won the contract for the redevelopment of the Marco Polo Hotel into a luxury 
condominium although Shimizu was the highest bidder. The developers, Marco Polo 
Developments Limited, explained that this was because they believed that Shimizu would 
provide the best quality of work and safety standards. Similarly, Dragages Singapore Pte 
Ltd, a French construction firm, was engaged by the joint venture between SC Global 
Development and First Capital Corporation to undertake The Ladyhill project, another 
top-class luxurious condominium, due to the assurance of quality although Dragages was 
one of the highest bidders.  
Hence, as Ling and Ofori (2001) observe, given the openness of Singapore’s 
economy, local contractors are facing stiff competition from foreign firms at the upper 
level of the scale of contractors’ contact value and technology complexity. These include 
contractors from mainly Japan and Korea, which win most large and complex projects, 
and recently, the middle level firms from China (The Straits Times, 1998, p.46; Ofori et 
al., 2002). These indicate the need for local contractors to improve their competitiveness. 
Progress may be achieved through continuous development and strategic research.  
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Singapore has maintained its open-door policy for the economy despite the 
discontentment felt in the local construction community. Nonetheless, it is evident that 
the small domestic construction market alone, along with its boom and bust cycles, 
cannot support the optimum long-term growth of the local construction industry. For 
instance in 1982, aggressive pricing by the then fledgling foreign companies, which were 
seeking to establish a foothold in the local market, caused a reduction in tender prices 
even during a period of high activity (Ofori, 1994). This suggests that Singapore’s 
construction market is too small to substantially support the growth of local firms and a 
unidirectional flow of inwards Foreign Direct Investment (FDI) in the long run. There is a 
need for a balance of trade in the construction industry in order for the firms to flourish. 
In line with Singapore’s national economic strategy of multilateral, regional and bilateral 
trade as a key economic expansion strategy (Trade Policy Review, 2004), the then CIDB 
actively encouraged regionalisation by Singapore’s contractors in the 1980s. Currently, 
the BCA continues to progress in promoting the export of construction services, 
especially in assisting Singapore firms to localise their operations in host countries (BCA, 
2005a).  
In Figure 2.1, Asia is the most popular region for Singapore contractors in their 
globalisation efforts. On average, about 95 percent of the markets accessed were in Asia. 
Southeast Asia, which consists only of developing countries, accounted for around 75 
percent of the construction exports to the Asia (Chan, 2000). Although North Asia is 
Singapore’s second highest exporting region, over 97 percent of export to this region is to 












South East Asia: Brunei; Cambodia; Indonesia; Laos; Malaysia; Myanmar; Thailand; the 
Philippines; and Vietnam 
North Asia: China; Hong Kong; Japan; Macau; South Korea; and Taiwan 
South Asia: Bangladesh; India; Maldives; Nepal; Pakistan; Sri Lanka 
 
Figure 2.1. Distribution of exports by Singapore contractors by the percentage of overseas 
construction contracts secured  
Source: Compilation from the BCA’s press releases (various years) 
 
 
One of the reasons for construction exporters in Singapore to target the developing 
countries of Asia is due to their edge over indigenous firms in terms of technology and 
financing capabilities (Quak, 1991). However, this is particularly so only for the smaller 
contracts that the large international contractors are not interested in. Singapore 
contractors are weak in competing for projects of value larger than S$100 million (BCA, 
2002). US, European and Japanese contractors continue to control these markets due to 
their technological edge.  
In addition, the small size of local contractors in comparison with foreign firms 
made competition for larger value projects difficult for local contractors. Two of the 
largest privately owned local contractors in Singapore, Woh Hup (Private) Limited and 



































(ISI Emerging Market Database, 2006). In contrast, the top ten international contractors 
had average annual total turnover in excess of US$6.3 billion each in 2003 (ENR, 2004). 
Foreign construction firms are welcome overseas partly due to the benefits that the 
host country is able to gain from learning opportunities such as through technology 
transfer (Ofori and Chan, 2001). For instance, Strassman and Wells (1988) note that even 
in a technologically advanced country such as Japan, local contractors benefited from 
technology transfers from their US counterparts. Therefore, for Singapore contractors to 
be able to compete abroad, they have to be able to engage in technological cooperation 
with the local contactors to allow mutually satisfactory exchanges (Cohen and Bradford, 
1990). This calls for an improvement in Singapore’s contractors’ use of sophisticated 
technology and an increase in their R&D capabilities. 
In summary, the review above highlights the present challenges of Singapore’s 
construction industry which can possibly be addressed through innovation as: 
• Low productivity and quality; 
• Focus on costs rather than on quality; 
• Weakness in competing for projects of value larger than S$100 million; 
• Lack of technology and specialist expertise; and 
• Small size of firms in comparison with foreign firms. 
2.9 NATIONAL INITIATIVES FOR THE PROMOTION OF CONSTRUCTION 
INNOVATION IN VARIOUS COUNTRIES 
During the past decade, several countries at different levels of development have 
undertaken comprehensive reviews of their construction industries and formulated long-
term plans for improving their performance (Ofori, 2005). Ang (2005) observes that 
initial political push may be required for these countries to drive performance changes in 
the industry. For instance, in countries such as Australia, it is noted that political 
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commitment to changes is required for the reform process to start (Valence, 1997). Ang 
(2005) also emphasized the importance of “self-sustaining” reforms, driven by 
commercial incentives. For instance, in Singapore, many changes stemming from the C21 
recommendations (Section 2.8.2) are incorporated in regulations and government 
requirements. At the same time, the BCA organizes many seminars and workshop to help 
firms to understand new technical and process developments and to aid implementation of 
systems such as CORENET, a central e-information system that provides users with a 
one-stop access to building and construction related information (Building and Control 
Authority, 2006). Hence, Barda (1995) observes that countries require clear directions 
and priorities, and resources with which to communicate changes to the industry. Ang 
(2005) notes that revaluing construction must be seen in a long-term framework 
accompanied with sound policies. Thus, in several countries, to enhance the performance 
of their construction sector, national initiatives are developed to drive the required 
improvements.   
In the UK, in response to Sir Michael Latham's 1994 report 'Constructing the 
Team' and Sir John Egan's 1998 report 'Rethinking Construction' a number of cross 
industry bodies were formed to drive change. “Constructing Excellence” is one of such 
bodies. It is developed to function as a catalyst for the implementation of innovative 
processes, strategic business improvement, advanced systems and state of the art 
technologies of construction enterprises through sustained networks (Constructing 
Excellence, 2003). This is in line with Ang’s (2005) suggestion that innovation requires 
adequate support of research and knowledge infrastructure.  
The Hong Kong Construction Industry Review Committee’s (CIRC) Construct 
for Excellence developed 109 recommendations that are grouped according to key aims. 
CIRC stated its vision to be ‘an integrated construction industry that is capable of 
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continuous improvement towards excellence in a market-driven environment’ 
(Construction Industry Review Committee, 2001). Several recommendations from the 
CIRC report were focused on innovation. Similarly, in Singapore’s C21 (Section 2.8.2), 
six strategic thrusts are formulated to direct the construction industry towards the 
development of the workforce, training, and professionalism in both procurement and 
industry and also to the organisation of construction and its promotion at home and 
overseas (Construction 21 Steering Committee, 1999). Each thrust comprises several 
recommendations targeted at improving the industry’s innovation practices.  
Hence, for Hong Kong and Singapore, with committed leadership and an 
institutional framework that links the expertise and concerns all stakeholders, combined 
with the proper execution and implementation of each thrust and recommendation, the 
CIRC and the C21 would be good platforms for the improvement of innovation practices 
in Hong Kong’s and Singapore’s construction industry respectively. 
Some countries developed their initiatives at various levels according to their political 
arrangements. For instance, in Australia, construction reform programmes have been 
instituted at both Commonwealth and State levels. The principal organizations that have 
developed reform initiatives are (PSIB, 2004):  
• 1992-95: The Construction Industry Development Agency (CIDA) at the 
Commonwealth level; 
• 1992-2003: The Construction Policy Steering Committee (CPSC) of the New South 
Wales government at the State level; 
• 1997-2002: The Action Agenda ‘Building for Growth’ at the Commonwealth level; 
• 1967- present: The Australian Procurement and Construction Council (APCC) at 
both the Commonwealth and State level; and  
• 1994-present: The Queensland Government at the State level. 
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With regards to national initiatives concerning construction innovation, a 
collaborative research body, the Construction Industry Institute Hong Kong (CII-HK) has 
been established in response to the CRIC recommendation that there should be greater 
investment in research (Construction Industry Institute, 2003). In Denmark, the Building 
Policy Task Force appointed by the Government, presented four drivers for change 
(Building Policy Task Force, 2000): (1) More professional clients; (2) More competition 
in the building industry; (3) Improved cooperation between partners in construction 
projects; and (4) More efficient use of knowledge. In Finland, there is an effort to make 
technology programmes for the building industry more strategically planned. For 
instance, the CUBE – Building Services Technology Programme (2002 – 2006); the 
INFRA – Construction and Services Technology Programme (2001 – 2005); and the 
SARA – Value Networks in Construction (2003 – 2007). These technology programmes 
promoted by TEKES, the Finnish technology agency, have had the effect of stimulating 
and supporting new ways working in construction although they are not ‘reform’ 
programmes as implemented in Singapore, Hong Kong (PSIB, 2004).  
Several of the national initiatives highlighted above have identified the lack of 
suitable research structures as a barrier to change. In Singapore, the C21 recommended 
that a new research fund be established, but after an initial allocation of funds this has not 
been continued (PSIB, 2004). In the UK, in response to the need for a formal structure, 
the Constructing Excellence group was developed to function as a unique bridge between 
industry, clients, government and the research community (Constructing Excellence, 
2003). In Hong Kong, a new Construction Industry Institute has been founded through 
collaboration between industry and academic interests (Construction Industry Review 
Committee, 2001). In Australia, the Co-operative Research Centre for Construction 
Innovation (CRC), based at the Queensland University of Technology in Brisbane, was 
established as a partnership of 19 leading industry interests, public bodies and 
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universities, and the Commonwealth Government. Generally, the aim in such institutes 
and organizations is to create stronger links between the industry and centres of research 
expertise (Construction 21 Steering Committee, 1999; Construction Industry Review 
Committee, 2001; Constructing Excellence, 2003).  
There is a reoccurring concern in most countries regarding the importance of the 
role of clients in the initiatives. This is largely due to the observation that sustained 
reform has to ultimately be driven by market forces (PSIB, 2004). Market forces provide 
the rewards and incentives required for superior performance and have within them 
mechanisms that stimulate continuous improvement (Ang, 2005). Therefore, the CIRC in 
Hong Kong deems membership drawn from the industry and in particular construction 
clients as key in steering the reforms (Construction Industry Review Committee, 2001). 
TEKES in Finland and the task force in Denmark considered that important incentives for 
change should come from clients (Ormala, 2001). In Denmark, a Building Evaluation 
Centre was thus set up as a joint venture between clients, through the Danish Association 
of Construction Clients (DACC - Bygherreforeningen), and contractors (Building Policy 
Task Force, 2000). In Singapore, C21 recommended under the strategic thrust of 
“Enhancing the professionalism of the industry” that contractors, project managers and 
developers should draw up codes of conduct and acceptable practices to spell out industry 
standards with regards to the working relationships among the various players. Similarly, 
the PSIB (2004) observes that codes of practice and codes of ethics are valuable tools for 
restoring trust and establishing proper relationships between clients and supply side 
interests, to provide a framework for commercial relationships down the supply chain. 
Other than broad based initiatives, countries also have specific initiatives for 
concerned areas. For instance, The Innovation Norway, sponsored by the Ministry of 
Industry and Trade, and the Ministry of Municipalities and Regional Matters, targets 
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small and medium sized enterprises. Innovation Norway is not so much involved in 
developing new knowledge but in commercialising existing knowledge (PSIB, 2004). In 
the UK, the “Construction Best Practice Programme” aims to raise awareness of the 
benefits of best practice. It also provides guidance and advice to UK construction and 
client organisations in terms of the knowledge and skills that they may require to 
implement change (RIBA, 2005).  
Regional collaborative networks are also key initiatives in driving innovation in 
construction. For example, the Nordic Innovation Centre is a small but strategically 
important funding organization that supports and co-funds innovation projects that 
involve at least three of the Nordic countries (Norway, Sweden, Denmark, Finland, 
Iceland) (PSIB, 2004). In the UK, the Constructing Excellence notes the need to work 
with Regional Development Agencies and local government organisations to drive the 
agenda for change (Constructing Excellence, 2006). In Singapore, under the strategic 
thrust of “Developing an external wing” (Construction 21 Steering Committee, 1999) C21 
recommended that the industry should establish an infrastructure for gathering and 
disseminating information on overseas market opportunities, market information and 
country specific information. In addition, it is also suggested in the C21 report that once 
R&D has sufficiently taken root in the industry, R&D efforts, especially in the area of 
knowledge work and specialised planning could be exported (Construction 21 Steering 
Committee, 1999).  
Although the general initiatives of the countries are somewhat similar, countries 
differ in the approach to the implementation of the initatives. For instance, in the UK, the 
“Movement for innovation (M4I)” was formed to implement across the whole of the 
industry, the recommendations contained in the Government Task Force's report 
'Rethinking Construction'. Within M4I there are 180 Demonstration Projects submitted by 
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construction clients and contractors who are committed to innovating in the way that they 
deliver their projects and in benchmarking their performance (Constructing Excellence, 
2006). These projects aim to lead radical improvement in construction in value for 
money, profitability, reliability and respect for people, through demonstration of best 
practice and innovation (Constructing Excellence, 2006).  
Denmark takes a similar approach as the UK, where 28 changes in the framework 
for the construction industry as well as in the implementation of specific construction 
projects were carried out to promote the four drivers identified in the earlier paragraphs 
(Building Policy Task Force, 2000). However, in Hong Kong, recommendations are not 
carried out through projects but by the designation of a lead department for construction 
reform, the Provisional Construction Industry Co-ordination Board. The board oversees 
the implementation of the CIRC report (Construction Industry Review Committee, 2001). 
In Finland, TEKES sets up reform programmes. The programme management is 100% 
outsourced to top-level managers from private companies, government bodies, the R&D 
community or TEKES itself.  
These national initiatives are largely undertaken because of perceived weaknesses 
of the industries, internal and external threats and challenges. In particular, it is due to the 
dissatisfaction of clients, users and other stakeholders with the performance of the 
industry. Nonetheless, it is apparent from the above discussion that a clear focus for the 
national initiative is desirable. The organization that provides this focus should be 
responsible for setting directions and monitoring progress and generally for maintaining 
momentum. In addition, communicating the objectives and measures of reform to the 
industry is essential if firms are to understand the need for change and to be committed to 
change. Therefore, initiatives are generally required to demonstrate the means of 
promoting leading practices and rewarding success. These characteristics of the national 
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initiatives derived from the literature review above would facilitate the fulfillment of this 
study’s objectives of developing business strategies and nation policies that promotes 
innovation practices in the construction industry.  
2.10 A CRITIQUE OF SIGNIFICANT WORKS ON INNOVATION OF 
CONSTRUCTION PROCESSES AND ITS AFFILIATION WITH THE NSI 
 
Various economic theories seek to explain the importance and relevance of innovation to 
economic growth. The earliest work may be Adam Smith’s Wealth of Nations (1776) that 
states that capital accumulation is primary while technical change follows passively. 
However, John Rae in his Statement of Some New Principles on the Subject of Political 
Economy (1834) asserts that the relationship between capital accumulation and technical 
change is exactly the reverse of that in Smith. Technical change is the primary driving 
force, and capital accumulation follows passively. By rejecting Smith’s theory, Rae clears 
the way for a case for state intervention to encourage the invention of new techniques. 
Rae’s works may have given birth to studies on the role of institutional administration, 
intervention of the traditional individual inventor and advances of a singular commercial 
enterprise.  
Regarding enterprises, a relatively more recent and widely adopted economic 
concept of innovation is found in Schumpeter’s Theory of Economic Development (1934) 
(Section 2.2). Schumpeter introduces the concept of creative destruction. He anticipates 
that with the creation and spread of new combinations, supernormal profits reaped by 
early innovators will eventually be eroded. The economy would thus, tend towards 
another equilibrium that once again invites creative destruction.  
An important work of technology adoption is by Rogers (1962, 1995). He brought 
in the key notion of uncertainty in innovation, where he observes often information and 
evaluations of an innovation is sought from near-peers. Hence, ‘The diffusion of 
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innovation is essentially a social process in which subjectively perceived information 
about a new idea is communicated’(Rogers, 1995, pp. xvii). Empirically, Rogers (1995) 
observes that the successful spread of an innovation in an economy follows an S-shaped 
curve. 
For the construction industry, Gann (2000) observes that over the past 200 years, 
there have been successive efforts by governments and enterprises to improve the quality 
of buildings and structures and to industrialize construction through the development and 
adoption of innovative techniques. Gann (2000) explains the evolution of the construction 
industry through the Craft, Machine and Digital ages. In the 1980s and early to mid 
1990s, much of the research in construction focused on innovation by the individual and 
within the construction firm. Quinn (1985) and Nam and Tatum (1997) advocate for the 
role of ‘innovation champions’, a notion similar to Schumpeter’s (1934) entrepreneurial 
behaviour of innovation. In addition, Gann (1991), Pedersen (1996) and Seaden (1996) 
note that new technologies and solutions to professional problems can be sources and 
forms of innovation in firms. 
In the mid 1990s, attention shifted to the competitive environment in which firms 
operate. Teece (1992, 1996), Lewis (1995), Shove et al. (1997), Nam and Tatum (1997) 
and Dulaimi et al. (2003) observe that intra-firm linkages and collaborations are 
necessary to successfully implement innovations in complex projects. Liebing (2001) and 
Hertog and Brouwer (2001) note that construction firms are largely technology followers, 
absorbing innovations originating from related and supporting industries. In the mid 
1990s, innovation models have also been developed: the Market pull model and Firm-
centred knowledge networks (Egan, 1998; Manseau and Seaden, 2001; Alshawi, 2002); 
and the complex product system (CoPS) (Winch, 1998, Hobday, 1998 and Miller et al., 
2000). 
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Gann (2000) notes that it is also in the 1990s that the Digital age emerged, 
characterized by the rise of powerful private sector clients and sophisticated users who 
began to assume a more dominant role in dictating the pace of change in large projects. 
Research on configuration of construction process systems that may provide feedback, 
create new knowledge and a structured approach to learning was widespread. For 
example, the international standard for the exchange of product model data (STEP) acts 
as a common platform for project data exchange (IAI, 2002). The Industry Foundation 
Classes (IFCs), a standard data model for constructed products, enables a better 
construction process with increased communication (IAI, 2002).  
Sebestyen et al. (1989) notes the leap from traditional labour intensive methods to 
modern production of building materials and components off and on-site as the 
industrialisation of construction. This term “industrialization”, has led to various authors, 
since the 1980s (such as Hounshell, 1984; Miles, 1996; Egan, 1998; Reishstien et al., 
2005), to categorize construction, in comparison with other sectors and in particular 
manufacturing, as a traditional or low technology sector. It could be the allure of the 
continuous flow and falling real costs of the manufacturing sector, in particular the 
common benchmark sector of the automobile industry, which has fashioned similar 
research themes to recur in studies of innovation in construction over the last 30 years. 
Shields (2005) observes that the key elements of studies on innovation in construction 
during the past 30 years include: 
• Barriers to innovation (Bowley, 1960a; Gale and Fellows, 1990; Koskela, L. and 
Vrijhoef, R., 2001). 
• Forces driving adoption and/or management of new technologies (Tatum, 1986, 
1989; Mitropoulos and Tatum, 2000; Dulaimi et al. 2003; Ling, 2003; Tatum, 2005). 
 64
• Diffusion of innovations in time and space (Kaldor, 1957; Arrow, 1962; Garvin, 
1993; Kululanga et al., 1999; Mitropoulos and Tatum, 1999; Larsen and Ballal, 
2005). 
• Clients or owners as important drivers of change (Mansfield 1968; Porter 1985; 
Construction Task Force, 1999; Ivory, 2005). 
• Divisions between designers and builders are noted as a structural barrier to 
innovation (Tatum, 1987; Latham, 1994; Dulaimi et al. 2005). 
The construction industry may still be anticipating the “creative destruction” 
(Schumpeter, 1934) of present construction processes that characterize construction as a 
“backward industry”. Nonetheless, Winch (2003) advocates that generally there is no firm 
evidence that the performance of the construction industry is any worse or better than that 
of any other sector. Doree and Pries (2005) note that innovation is an important topic for 
the construction industry. No matter how strong or weak the industry’s performance is, 
relative to other industries, or in terms of its absolute performance as an industry, 
changing the performance of the construction industry depends on its ability to innovate. 
Therefore, there is a need for further research on how the industry deals with innovation. 
This study aims to provide a comprehensive national framework for both governments 
and enterprises to implement polices and form strategies on innovation. 
Gann (2000) notes that governments and international agencies, financial 
institutions and insurance organizations all have a part to play in developing a new 
framework for the governance of technology in this dynamic environment. Milford 
(2000) recognises that many aspects of the innovation system in construction can be 
improved but the following should receive particular attention:  
• The integration of technological infrastructure, in particular public/private sector 
interactions;  
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• Structured technical collaboration and joint industry activities between the local 
domestic industry and international players, or between the established formal sectors 
and the emerging sectors; and  
• A more structured and targeted approach to technology diffusion, including 
benchmarking clubs and other mechanisms to promote best practices in construction.  
From the suggested improvements, it is clear that the strengthening of the NSI must 
go hand in hand with policies that promote demand for construction. Thus, it appears that 
after close to 200 years, Rae’s (1834) suggestion of national intervention and structure for 
innovation is still justified. 
Barfield (1997) and Vest (2005) note that Vannevar Bush’s (1945) Science: The 
Endless Frontier has been the touchstone of all discussions about science policy. A key 
assumption in Bush’s report (1945) is the notion of a linear model of the innovation 
process and the simplistic role of research: a clearly delineated progression from basic 
research, to applied research, to demonstration, and finally to full-scale development. 
However, Nelson and Rosenberg (1993) argue that the observation that new technologies 
have given rise to new sciences is at least as true as the other way around. Although there 
is no consensus on an alternative of the linear model, authors (such as Lundvall, 1992; 
Nelson and Rosenberg, 1993; Freeman, 1995; Mowery, 1998; Barfield, 1998 and Stern et 
al., 2000) agree that the innovation process, the relationship between scientific and 
technological advance, is more complex and daunting than previously thought. Canner 
and Mass (2005), examining the remarkable innovations of the last century, recognised 
three different social structures: causes (ideas that brings people together); markets; and 
universities. Hence, the Council on Competitiveness defines the task of the US as a need 
to shift from the past 25 years’ of optimizing organizational efficiency and quality to the 
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optimization of the entire society for innovation over the next century (Clough et al, 
2004). 
The contribution of the Bush report (1945) lies in its establishment of a “national 
system” and the interrelating roles of the government, institutions and commercial 
enterprises. Nonetheless, this concept is not new. Freeman and Soete (1997) note that 
Friedrich List’s The National System of Political Economy (1841) criticizes the classical 
economists for giving insufficient attention to science, technology and skills in the growth 
of nations. Contemporary theories are akin to List’s notions. Section 3.3 provides a 
detailed discussion on the boundaries and definition of the NSI by a diverse group of 
economists (such as Lundvall, 1992; Nelson 1993; Archibugi and Michie, 1997; Freeman 
and Soete 1997; and Stern et al., 2000) who have been developing the theories of the NSI.  
Starting in the late 1980s, in the same time period of flourishing contemporary 
theories of the NSI, a number of politicians, industrialists, and economists began calling 
for a more active government involvement in the planning, coordination, and financing of 
technological advancement of the construction industry as part of a comprehensive 
industrial policy (Norman, 1993). A number of reasons various authors (such as Norman, 
1993; Levy, 1995) provide which are similar to Milford’s (2000) are:  
• To maintain competitiveness and economic growth;  
• To make the economy function more efficiently and more equitably;  
• To provide facilities for basic research and training infrastructure in order to attract 
foreign firms or to retain national ones; and 
• To control positive externalities, ‘spillover effects’ of knowledge benefits.  
These reasons all stem from the same causes: a firm’s innovative capability is 
shaped by its own activities and the environment it operates within (Reichstein et al., 
2005); and in the market system, individuals are guided only by self-interest operating 
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within a framework of laws and regulations laid down by government (Levy, 1995). 
Hence, innovations and social systems are inseparable and they shape each other through 
constant interaction (Loosemore, 1998; Larsen and Ballal 2005). The results of papers 
published in the Building Research and Information’s (BRI) Special Issue, emphasize the 
importance of universities and regulations in the construction innovation process (BRI, 
1997). 
However, Ofori (1994) observes that in their current approaches, construction firms 
tend to view technology transfer as a mechanistic “pick and mix” exercise, identifying 
new technologies from other industries and trying to insert them in their existing form 
into an unreceptive construction industry. Hence, Rosegger (1996), Kangari and Miyatake 
(1997) and Barlow and Jashapara (1998) suggest that the mere existence of a 
technological collaboration between various parties is not in itself sufficient; firms need 
to be able to recognise the value of knowledge and apply it strategically. The present 
construction industry technology transfer endeavours are being hampered by a lack of 
proper understanding of technology transfer processes (Barrett et al., 2000 and Dulaimi et 
al., 2002b).  
Reichstein et al. (2005) observe that new studies are required to explore the process 
of innovation in construction and to deepen and expand present knowledge on the 
economic, social and managerial decisions that shape the potential for innovation among 
construction firms. It might be suggested that there are various dimensions that have to be 
considered such as the national construction business system and the system of innovation 
(Winch, 2003). Hence, more work is required on the ‘sectoral system of innovation’ in 
construction to explore how different mechanisms and institutions interact with one 
another and help to shape the innovative activities of construction firms (Malerba, 2002; 
Reichstein et al., 2005). This study aims to respond to the call for a national approach 
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towards construction innovation through the application of the interrelated roles of the 
government, institutions and commercial enterprises as a NSI. 
2.11 CHAPTER SUMMARY 
This study has identified two key characteristics of innovation. The first attribute is the 
notion of “newness”. Second, the object of originality has to arise from a specified 
process of investigation that leads ultimately to implementation. Hence, there is an 
emphasis on a planned record of research process that enables reinvestigation and 
reapplication. This study has thus defined construction innovation as “the purposeful 
search for new knowledge and the systematic application of this knowledge in 
production”. 
The literature review has supported the purpose of this study on promoting 
innovation in the construction industry through identifying four strategic concerns of the 
construction industry. First, the significant contribution of the construction industry 
towards a nation’s GDP makes the health and growth of this industry imperative. Second, 
the considerable role of the construction industry in a nation’s economic development has 
led to pressures for improved quality, reduced costs and faster construction processes. 
Third, there is a need for a shift from cost reduction as a competitive strategy to focus on 
other forms of competitive advantage that improve the performance of the industry. 
Fourth, these suggest that continuous advancement in technological development is 
essential for the progress of companies and nations. 
However in many studies of innovation, construction is seen as a low performing 
sector, exhibiting low rates of innovative activity (Bowley, 1960b, 1966; Reichstein et al., 
2005). The literature review has suggested two sources of contractors’ disregard of the 
need for innovation. First, the site-based project nature of construction offers the absence 
of competitive pressures on non-innovating firms. Second, since the focus of the 
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construction industry is on cost reduction, the high “costs” level of innovation makes the 
other forms of competitive advantage that innovation offers seem redundant. Nonetheless, 
companies that adopt innovative approaches in the construction methodology may be able 
to gain a competitive edge that translates into price advantage. Innovation includes the 
clever use of existing technology and modification of construction method that 
contributes to the advantage of the company. Nonetheless, there are also barriers to 
innovation due to the inherent characteristics of construction that further hinders 
innovation, such as, the fragmented nature of the industry and low barriers to entry.   
Despite these impediments of innovation, as discussed in Sections 2.8.1 and 2.8.2, 
Singapore does identify innovation as a potential driver of growth for the construction 
industry. However, there are various challenges that Singapore has to address in order to 
derive the benefits of innovation. They are: the lack of technology and specialist 
expertise; small firm size of local firms; and the focus on costs rather than on quality. The 
considerations of significant works in this chapter have suggested that the development of 









CHAPTER 3: THEORY OF NATIONAL SYSTEM OF INNOVATION 
 
3.1 INTRODUCTION 
Chapter 3 reviews the literature on the concepts of the NSI. It presents two NSI models 
and identifies the critical NSI elements, setting them out in the context of construction. 
Section 3.2 presents Schumpeter’s theory of “entrepreneurship” of innovation. It 
discusses the general role of firms in innovation and focuses on the construction firm as 
an innovating unit. From these, this study investigates the impact of construction firms’ 
external environment on their decisions to innovate by expanding from the entity of the 
construction firm as an innovating unit to the structure of the NSI in Section 3.3.  
In Section 3.3, two models of the NSI are examined: (1) the Innovation Policy 
Terrain model (IPT) (OECD, 1997a); and the (2) National Innovative Capacity model 
(NIC) (Stern et al., 2000). In Section 3.4, this study applies the common critical elements 
identified in these models to the context of construction, bringing the concepts of the NSI 
to the root of construction. From these applications, this study highlights the key drivers 
of construction innovation within the NSI in Section 3.5.  
3.2 FIRM AS A UNIT OF INNOVATION 
Aghion and Howitt (1998) highlight two distinct forms of innovation: (1) induced 
innovations; and what are often called (2) Schumpeterian innovations. A useful example 
of induced innovation is the oil crisis of the 1970s where the increased energy prices 
provided a strong incentive for firms to produce innovations that conserved energy or 
substituted other inputs for oil (Rosegger, 1996). Schumpeterian innovations on the other 
hand can simply be defined as innovations due to the outcome of “entrepreneurial 
behaviour”.  
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In line with Schumpeter’s notion and the discussion in Section 2.10, any scholars 
(such as Quinn, 1985; Nam and Tatum, 1997; Slaughter, 2000) have stressed that the 
process through which a construction firm decides to use an innovation often relies upon 
the actions of a particular “champion” who is willing to shepherd the innovation along. 
Similarly, the Business Roundtable (1982) reports that there is no lack of capability in the 
US to develop new construction technology, but the absence of a coordinated effort to 
link market needs and inventive capacity. Thus, unless a systems integrator is convinced 
of the merits of the new idea, and has the skills to incorporate it into the system as a 
whole, change is likely to be slow (Winch, 1998). This champion must be endowed with 
three crucial factors: (1) technological competence; (2) slack resources; and (3) extensive 
experience with adequate resources and power (Nam and Tatum, 1997). The notion of 
power or “empowerment” is further discussed by Newcombe (1996) asserting that 
“empowerment” releases innovative energies.  
However, Schumpeter’s notion is limiting in the way that everyone is an 
entrepreneur only when he actually “carries out new combinations,” and loses that 
character as soon as he has built up his business, when he settles down to run it. This 
implies that the firm itself loses its innovative characteristics once the owner settles into 
routine business management. Nonetheless, business management is guided by the 
owner’s accumulated past experiences and capabilities. Under this guidance, the firm 
operates in environments characterized by a spectrum of market constraints and 
technological possibilities (Cantner and Pyka, 2000). Hence, the repetitive pattern of 
activity in an entire organization involves the design of different strategies of innovation 
among the economic restrictions and constraints the firm faces (Freeman, 1995). In this 
perspective, firms are learning organizations with dynamic business routines but 
constrained by their cognitive capabilities (Heiner, 1988). The firms are dynamic in the 
sense of constant learning. Improvement and routine here refer to strong regular patterns 
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in the innovative activities of firms, which have parallel characteristics to the 
entrepreneur. This suggests that innovative behaviour can be described as “routinized” 
(Nelson and Winter, 1982). Hence, it is not the process of invention from a single 
inventor using trial and error that suffice but the “entrepreneurship” of firms. The firm is 
therefore the main source of innovation (OECD, 1999).  
The significance that is placed on the role of firms in innovation is supported by 
political figures such as Singapore’s Senior Minister, Lee Kuan Yew, who observes that 
Singapore’s process of transformation from a closed system to a more open, knowledge-
based economy is no longer driven by the government but now also by the companies, 
which are fighting for their survival (East Asia Economic Summit, 1999). This is due to 
firms’ strong sense of strategic intent, the principle that they will know better than 
government agencies, what direction to go in and what risks to take (OECD, 1988a). This 
suggests that firms respond quickly to market changes and think of future opportunities.  
For instance in Germany, the industrial sector is the most significant R&D player with an 
expenditure on R&D that represented 62 percent of total national gross domestic 
expenditure in R&D in 1997 (Meyer-Krahmer, 2001). This depicts the importance of 
R&D for business enterprises in Germany. Similarly, in the UK, research funding by 
industries grew by 30 percent over the years of 1997, 1998 and 1999 and by 11 percent in 
year 2000 (Georghiou, 2001).  
In construction, Winch (1998) and Slaughter (2000) observe that considerations of 
innovation are usually undertaken by the construction firms and implemented on 
construction projects while Manseau and Sedean (2001) examine that in construction, 
innovative activities are generally pervasive throughout all on-going activities of a firm 
and are difficult to isolate and evaluate. These suggest that the firm is at the centre of an 
enabling network of suppliers, competitors, clients, as well as educational, 
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communication, financial and legislative infrastructures. Hence, these indicate that the 
entity of the construction firm can be a suitable unit of consideration for this study’s focus 
on construction innovation.  
Reichstien et al. (2005) advocate that the potential of innovation for an individual 
firm is shaped not only by its own activities, but also by the environment it operates 
within. It is the environment that facilitates the emergence and growth of new business, 
firms’ access to critical inputs and their internal capacity to seize market and 
technological opportunities (Ormala, 2001). Hence, this study now extends the discussion 
to the NSI.  
3.3 NATIONAL SYSTEM OF INNOVATION (NSI) 
This discussion centres on the argument by Schibany and Polt (2001) that innovation does 
not originate only from individuals or individual organisations but also from their often-
complex patterns of interactions. Gann (1994) supports this argument. He observes that a 
comprehensive understanding of industrial innovation can only be acquired from an 
analysis of the different relationships occurring through the production chain that 
includes: relationships between producers and suppliers and between producers and users; 
the role of governments in setting standards and regulations, and sponsoring R&D; and 
the way in which know-how is acquired through different learning processes.  
Several authors (such as Lundvall, 1992; Nelson, 1993; Freeman, 1995; Archibugi 
and Michie, 1997; and Stern et al., 2000) note the importance of a national environment 
in stimulating innovation. They advocate that innovation activity takes place within a 
“system of innovation”. According to Boulding (1985) the broadest possible definition of 
a system is anything that is not chaos or more specifically, a system encompasses the 
interrelationships and, or, the interdependencies of a number of elements that interact in 
the production, diffusion and use of new, and economically useful knowledge. Applying 
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such elements geographically within national boundaries forms a national system that 
encompasses the collection of institutions and policies that affect the creation, 
development, commercialisation and adoption of new technologies either located within 
or rooted inside the borders of a nation state (Freeman, 1987; Lundvall, 1992; Nelson 
1993). Critical emphasis here is on the term “national” (Section 1.7), which Lundvall 
(1992, p.2) considers as the composition of two dimensions of “cultural” and “etatist-
political”:  
‘The ideal, abstract, nation is one where the two dimensions coincide, i.e. where 
all individuals belonging to a nation – defined by cultural, ethnical and linguistic 
characteristics – are gathered in one single geographical space controlled by one 
central state authority (without foreign nationalities)’. 
 
De la Mothe and Paquet (1998) consider “culture” as the binding source of common 
ideas, a clan, a culture of shared values that is intrinsically linked to the basic processes of 
innovation. Culture also emphasizes the territorial boundaries of learning implying that 
innovation is often “locational” (Lundvall, 1992). However, such a localized system of 
innovation is fragile as it is based not on administrative structures, but on a frame of mind 
that may well not be transferable from one generation to the next (De la Mothe and 
Paquet, 1998). Thus a structure, a system of administration and management of resources, 
is required to enhance and support continuous innovation. Such a structure has been 
termed the NSI.   
Lundvall (1992) specifically considers the subsystems of the NSI as all parts and 
aspects of the economic structure and the institutional set up that affect learning as well as 
the searching and exploring of the production system, the marketing system and the 
system of finance that present themselves as subsystems in which learning takes place. 
Patel and Pavitt (1994, p.79) thus define the NSI as ‘…the national institutions, their 
incentive structures and their competencies, that determine the rate and direction of 
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technological learning (or the volume and composition of change generating activities) in 
a country.’   
It is the nation’s environment that directs the way its firms perceive and respond to 
structural changes and it is of central importance to the understanding of the patterns of 
innovative activities (Porter, 1990). However, these descriptions of the NSI are still 
lacking in one critical aspect. The NSI not only aids the selection, deployment and 
learning of new knowledge but as Metcalfe (1995) rightly points out, it also involves the 
creation of new knowledge. Without the creation of new knowledge, the act of selection, 
deployment and learning will merely be the basic driving force of economic growth, and 
changes will be evolutionary rather than revolutionary in nature (Section 2.2).  
Hence, an innovation system is a set of distinct institutions that jointly and 
individually contributes to the development and diffusion of new technologies and which 
provide the framework for governments to form and implement polices on innovation. As 
such, it is a system of interconnected institutions that creates and transfers the knowledge, 
skills and artefacts that define new technologies (Metcalfe, 1995). From this perspective, 
the innovative performance of an economy depends not only on how an individual 
economic entity performs in isolation but also on how the entities interact with each other 
as elements of a collective system of knowledge creation and use, and on their interplay 
with social institutions. Nelson (1993) carried out 15 national studies and concludes that 
regardless of the size of firms, they are capable of being competitive in global markets. 
However, ‘aspects of the national background in which firms operate matter greatly’ (p. 
511). Finland set up the Technology Development Agency, TEKES in 1983, to adopt the 
concept of the NSI as the framework for its science, technology and innovation policies, 
and it has till today, been the established framework for science and technology (S&T) 
policy planning in Finland (Ormala, 2001). 
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From the varied definitions of NSI, they indicate that there is no agreement on the 
key structural elements of a NSI, and the way the elements interact to determine the 
overall pace and performance of innovative activities in a country (Wong, 1995). 
Similarly, Nelson (1993) notes that there is no one best way to describe the NSI of 
countries of diverse sizes, stages of economic development and historical experiences. 
However, observing the two examples of models of NSI in Figures 3.1 and 3.2, they are 
largely similar in structure and often contain three critical elements (OECD, 1997a; Porter 
and Stern, 2001; Stern et al., 2000): 
(1) Cluster network of firms - Firms and their dynamic factors that shape innovations in 
firms such as firms’ structure and collaborations with related and supporting 
industries;  
(2) Quality of linkages between the cluster network of firms and the national innovation 
infrastructure - Institutional factors that set the range of opportunities for innovation; 
and 
(3) Common innovation infrastructure - Issues of transfer and absorption of technology, 










Figure 3.1. The Innovation Policy Terrain (IPT) – A map of Issues 
Source: OECD (1997a) 
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Figure 3.2.  Determinants of the National Innovative Capacity (NIC) 
Source: Stern et al. (2000) 
The three critical elements of the NSI are further discussed in relation to Figures 3.1 
and 3.2 in the next sections. 
3.4 CRITICAL ELEMENTS AND FACTORS OF THE NSI IN THE CONTEXT OF 
CONSTRUCTION 
 
From the discussion on the NSI in Section 3.3, it is suggested that the performance of the 
construction industry in a country depends not only on how each individual institution 
performs in isolation, but on how they interact with one another as elements of a 
collective system of knowledge creation and utilisation, and on their interplay with social 
institutions (Milford, 2000). Bringing the concept of the NSI into the construction 
context, this study first discusses the role of each of the three critical elements of the NSI 
in general and second, the NSI factors encompassed by each critical element in the 
context of construction in particular. The rationale behind the incorporation of each NSI 
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factor in this study is due to their contribution or influence on this study’s object, the level 
of innovation by local contractors within a country.   
3.4.1 NSI Critical Element 1: Cluster network of firms 
Following the definition of a “cluster” in Section 1.8, the OECD (1997a) and Stern et al. 
(2000)’s concept of clusters are portrayed as the “innovation dynamo” and “cluster-
specific environment” in each of their models of the IPT and NIC (Figures 3.1 and 3.2) 
respectively. However, each model differs in the positioning of the innovation dynamo 
and clusters. The OECD places the innovation dynamo at the centre of the map, 
emphasising that many technological opportunities do not just arise on their own but are 
devised by firms in order to fulfil some strategic goal. On the other hand, Stern et al.’s 
focus on clusters is to define a clear boundary of interactions among firms. Stern et al. 
move away from the traditional terms of industries or sectors, applying clusters as a 
broader concept to capture vital linkages, complementarities, spillovers of knowledge and 
technologies.   
Stern et al. develop the clusters theory depicted in the NIC from Porter’s Diamond 
Concept (1990). Porter identifies a set of four variables (Figure 3.3) that form a model of 
a “diamond” which influence a firms’ ability to establish and sustain competitive 
advantage. They are: factor conditions; demand conditions; related and supporting 
industries; and firm structure, strategy and rivalry. Each diamond is influenced by the 
extent that the shared value chains shape competition and improve firms’ strategic 
influence on their market environment (Harrigan, 1984; Hagedoorn, 1993; Caloghirou et 
al., 2004). Therefore, each country’s or industry’s diamond is unique. This creates the 
national and organisational resources that are valuable, rare, non-substitutable and cannot 





















Figure 3.3 Determinants of a Nation’s Competitiveness 
                       Source: Porter (1990) 
 
Hence from Porter’s model, it may be suggested that firms in construction compete 
in dynamic environments in which they need to manage technological innovation and 
uncertainty across organizational boundaries. This portrays the growing importance of 
multi- and interdisciplinary integration of expertise and knowledge that Gann (2000) 
suggests in Section 2.4. It also reflects the fact that a separation of technologies is 
increasingly more difficult and the overlapping areas are often highly dynamic. Cohen 
and Levinthal (1989,1990) thus acknowledge a firm’s ability to recognise the value of 
new, external information and the utilization of external sources of knowledge as the key 
ingredient for innovation. This is especially important for the construction industry where 
in comparison to other industries, construction is usually classified as a traditional or low 
technology sector with low levels of expenditure on activities associated with innovation, 
such as R&D (Seaden and Manseau, 2001) (also see Section 2.7). Hence, this study terms 
the critical element of “Cluster network of firms” within the NSI in the specific context of 














Therefore as Gann (2000) and Winch (2003) argue, with every industry as part of a 
larger innovation system with linkages among different value chains of the system, the 
formation of alliances and the management of technical know-how within a dynamic 
cluster have become significant strategic considerations for suppliers and builders. 
Examples of such clusters are the Electric Power Research Institute (EPRI), a consortium 
of electrical power companies in the United States that sponsors research into dam 
construction (Seaden, 1996) and the formation of clusters of companies in Portugal that 
are close to recognised centres of R&D excellence and linkages with local suppliers and 
R&D establishments (OECD, 1999).  
Therefore, this study further investigates the cluster specific NSI factors that can 
stimulate a greater level of construction innovation by local contractors in the next 
sections (Sections 3.4.1.1, 3.4.1.2, and 3.4.1.3). These factors are: Foreign Direct 
Investment (FDI); Market share; and Level of technological cooperation. 
3.4.1.1 FDI in construction 
Globalisation has brought about growing proximity, potential tension and greater 
interdependence among national systems (Ostry and Nelson, 1995; OECD, 1999). ‘A 
globalised economy is creating both more hazards and more opportunities for everyone, 
forcing firms to make dramatic improvements not only to compete and prosper but also to 
merely survive’ (Kotter, 1996, p.18). However, in Stern at al.’s (2000) NIC (Figure 3.2), 
the only consideration for globalisation is “openness to international trade” while in 
OECD’s (1997a) IPT (Figure 3.1), globalisation is broadly implied under Framework 
Conditions. This study hence observes that the considerations for international trade in 
the NSI models examined in the literature are inadequate. In today’s globalised markets, 
innovation is more than just “openness to international trade” but an inherent 
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consideration of foreign influence on interrelated relationships of all determinants of 
innovation.   
To understand the specific way that a national system gets integrated into the 
international economy, this study discusses Dunning’s (1993) four distinguishing features 
of the global economy of the 1990s that have helped foster the territorial outreach of 
firms. First, the value generating assets of most countries in a global economy, 
particularly advanced industrial countries, are increasingly taking the form of created 
assets, rather than natural assets, notably land and untrained labour. Second, many of the 
created assets are intangible and are “firm” or “ownership” specific. That is to say, at any 
given moment of time, they are the exclusive or proprietary rights, not of countries or of 
Governments, but of commercial enterprises. Third, the increasing role of firms in the 
global economy arises because domestically located firms, or what Porter (1990) refers to 
as the home base of firms, find it in their interests to use the created assets they own or 
control in a foreign country to generate new assets in their other related enterprises. 
Fourth, firms, and particularly large firms in the global economy are becoming more 
pluralistic in their motives for global involvement. It would not be completely correct to 
suggest that the competitive position of multinational enterprises like IBM, Nestle, and 
Sony rest only on their access to the diamond of competitive advantage of their home 
countries.  
Bennett (1991) predicts that the global construction industry will be restructured, 
with a number of worldwide systems organizers. However, The Economist (1999) 
questions the presence of a global construction market, where the same players compete 
across the world, as in industries such as electronics and aerospace. Similarly, Milford 
(2000) observes that there is an important distinction between the construction industry 
and the industrial sector. Compared with industrial sectors, the construction industry may 
 82
be less reliant on imported technology because construction technology is rather local 
condition-specific, as it must be designed to address, or suit local conditions (Gu, 1999). 
The bulk of the construction market appears to be a set of fragmented sub-markets with 
much of the work being conducted locally by local players in localized markets while 
truly global players or even just international players are a very small community 
(Mawhinney, 2001). Nonetheless, the globalisation of the construction industry appears 
to have an influence on the science and technology policies of nations due to the large 
flows of inward and/or outward FDI in most countries.    
Regarding inward FDI, Raftery et al. (1998, p. 729) note that ‘the globalisation and 
deregulation of markets necessitated by fiscal, technological and managerial constraints’ 
have increased foreign participation in construction industries of developing South-East 
Asian countries. Moavenzadeh (1978) perceives foreign contractors as having a long-
term role in developing countries. For instance, foreign contractors have remained 
dominant in the large-complex project segment of Singapore's construction market in the 
past decades (Ofori et al., 2002) (Section 2.8.3).  
Host countries have welcomed such inflow of foreign contractors into their home 
markets due to the recognition that in construction, the national supply of basic and key 
materials, equipment and management expertise is inadequate. Highly specialised 
resources and knowledge cannot always be found in the innovating organisation’s home 
location, hence, there is a need to search in other locations in the same region, country or 
even further a field (Hamalainen and Schienstock, 2001). This suggests that for the 
advancement of the construction industry the supply of pure knowledge inputs through 
national efforts is insufficient to ensure that innovation will occur (Mahmood and Singh, 
2003). Thus, Meyer-Krahmer (2001) observes, a national science and technology policy 
should not only be restricted to the particular country’s own R&D activities. 
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For instance, Italy, a net importer of technology, has been enjoying high rates of 
technological progress through benefiting from scientific research carried out in other 
countries by imports either in the form of patents or embodied in capital goods (OECD, 
1992b). This strategy is not new to countries such as Singapore, Hong Kong and 
Malaysia that have for the past decades leveraged on FDI by global multinational 
corporations for their economic growth (Mahmood and Singh, 2003). However, some 
countries adopt the role of intelligent imitators, often using cheaper and more effective 
ways of technological development and industrial innovation, rather than following the 
first innovator strategy with high learning costs.  
Regarding outward FDI, Section 2.8.3 has discussed the rationale for Singapore’s 
development of construction exports. It is mainly based on Langford and Male’s (2001) 
notion that contractors, faced with increased market saturation in their home markets, 
look towards globalisation in providing alternatives to maintain or boost their profits 
while improving their portfolio. However, the internationalisation of R&D may reduce 
the concentration of R&D by domestic firms at home, and risks dismantling some of the 
home country’s innovative capacity (OECD, 1999). Nonetheless, it is not the location of 
the R&D that is important to this study but the intensity of contractors engaging in R&D. 
This is because, as long as the home base of exporting contractors is in Singapore, the 
knowledge and R&D expertise developed in foreign countries will stream back to the 
business hub. 
Inward and outward FDI are important sources of technology and developers of 
innovation capability. Therefore, the international influence on innovation cannot be 
denied or belittled, but should be reflected in a model that is able to rationalize not only 
within the geographical limitations of national determinants but within the wider context 
of overlapping NSIs that are inextricably linked in a global system. This will allow a 
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greater predictive power of the ability of the NSI to stimulate innovative activities in 
today’s global setting (OECD, 1997b).  
3.4.1.2 Market share of local and foreign contractors in the construction industry 
Enterprises have been pursuing higher market share due to the belief that its direct impact 
on profitability has some intrinsic value. Jacobson and Aaker (1985) provide two causal 
explanations that are usually offered for the observed link between market share and 
profitability. First, high market share is able to develop cumulative experience that can 
foster capital investments in operations and product redesign efforts which will reduce 
costs. Second, scale economies can be achieved by larger share businesses, as plant and 
equipment investments and expenses such as R&D are spread over more units. 
In construction, the distribution of market share within a nation tends to be 
characterised by a low market concentration of firms. This is mainly due to the 
fragmented nature of the industry and the fact that barriers to entry, in the form of initial 
capital requirements and sunk costs, are generally low in construction markets 
(McCloughan, 2004). In addition, the trend of globalisation is expected to drive the 
construction market to stronger and more explicit segmentation. As discussed in Section 
2.8.3, most countries’ construction markets have allowed an influx of foreign 
contractors. This trend is prevalent in developing countries of Asia where around 33 
percent of international earnings by globalised contractors in 1996 were earned from 
Asia (Engineering News Record, 1997). Foreign firms are attracted to the developing 
countries of Asia as they are able to build up their local expertise, while capitalizing on 
the resources and state-of-the-art technological support from their home bases (Chiang et 
al., 2001). Fellows (1993) thus predicts that foreign contractors from many countries will 
be drawn to the region, leading to intense competition between foreign and local 
contractors for a strong market standing within a nation. More competitive markets and 
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the accelerating pace of scientific and technological change would force firms to 
innovate more rapidly (OECD, 1999).  
However, Pajakkala and Vainio (1997) observe that as global competition 
intensifies, market segmentation will occur: a market for the smaller and simpler projects 
in which the competition between building companies is primarily a local one; and a 
market for large and complex projects open to international competition. Hence, the 
extent of the intensity of competition and the level of technology transfer by foreign 
contractors that are able to promote construction innovation in a host country may be 
dubious (Section 2.8.3).  
Furthermore, Rashid (2000) notes that a country that is dependent only on borrowed 
resources and technologies will face stagnant and even declining growth. If the host 
country is to generate its own growth then it has to succeed in generating newer and better 
products of its own for the world market place. Therefore, Ofori (1996) observes that 
given a supportive environment and appropriate policies, local enterprises will develop, 
regardless of the direct technology transfer efforts of particular international contractors.  
Overall, this section has suggested that a balance in the market share between 
foreign and local contractors of any host countries’ construction industry has to be struck 
in order to achieve wider economic development and indigenous industry development. 
3.4.1.3 Level of technological cooperation in construction 
Individual firms can increase their stock of technical knowledge either through their own 
internal efforts or through the flow of information from outside sources, a form of 
collaborative learning mechanism in which enterprises remain as distinct firms, but learn 
from others or each other. The latter is generically referred to as technology transfer 
(Rosegger, 1996) whereby a firm can access embedded competencies of other firms from 
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collaborative working relationships (Badaracco 1991). Several authors (such as Aoki, 
1984; Johnston and Lawrence, 1988) suggest that such “value-adding partnerships” allow 
firms to improve their knowledge base while the traditional hierarchical systems of 
construction limit the knowledge and adaptive capacity of firms and raise information 
costs. Hence, Bernstein and Lewer (1996) insist that greater cooperation is essential for 
the construction industry to achieve a level of sustained innovation of which it is capable.  
More recently, firms are finding it expedient to cooperate in product or process 
development as a purely company-centred approach to innovation is no longer the most 
productive approach (Yusuf, 2003) (3.4.1.1). Instead, the formation of cross industry 
strategic alliances is seen as a powerful combination to promote innovation (Kangari and 
Miyatake, 1997; Langford and Dimitrijeric, 2002). For instance, driven by increasing 
international competition, rising costs of technology development and the need to 
leverage scarce and technical talent, large construction firms in Japan have begun to 
collaborate with high-technological and manufacturing firms in cooperative technology 
development (Kangari and Miyatake, 1997). A successful example is the strategic 
alliance between Shimizu Corporation and Mitsubishi Heavy Industries that developed 
the world’s first automated intelligent system (SMART) for high-rise building 
construction.  
Although strategic alliances provide organisations with the flexibility and 
opportunities for innovation and learning (Harrigan and Newman, 1990; Lewis, 1995; 
Teece, 1992; 1996), Buntrock (2002) observes that such collaborations are potentially 
time-consuming and redundant. For instance, Herbig (1994) notes that the Japanese 
innovation generation process has an unusually high cost associated with it in terms of the 
generation of problems and solutions, a high degree of social interaction, human 
exhaustion and overwork that entails great personal sacrifice. If similar efforts are applied 
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in other countries such as the US, there could be liability problems, union opposition and 
a regulatory context that undermines support for such innovation. Furthermore, the US 
construction industry seems to find these cooperative approaches difficult perhaps 
because of concerns about the government’s anti-trust rules or because competition is 
closer to the emotional and philosophical core of US business practices and there is an 
inability to part with the concept of individual responsibility than in most other countries 
(Bernstein and Lewer, 1996).  
Kogut and Zander (1992) argue that the transferability of knowledge between 
organisations is shaped by two important parameters, the degree to which it can be 
codified and structured according to a set of easily communicated identifiable rules (also 
see Section 2.4), and its complexity. Knowledge that is readily codifiable and simple is 
more easily transferred than knowledge that is more embedded in the organising 
principles by which people work and co-operate within organisations (Badaracco, 1991). 
Thus, if there has been an acceleration of the rate of actual transfers, this is due not so 
much to faster communications but to changes in the institutional arrangements for 
transfer (Rosegger, 1996). Therefore, the need to emphasise a formal structure of 
innovation system within the national context is paramount. The NSI is a potential model 
for such a system that supports the codification and flow of knowledge that is essential 
for undertaking innovation. 
3.4.2 NSI Critical Element 2:  Quality of linkages between the cluster network 
of firms and the national innovation infrastructure in the NSI 
 
The OECD’s (1997) and Stern et al.’s (2000) models of the NSI also emphasize the 
importance of transfer factors in the NSI. Stern et al. termed this as the “quality of 
linkages”. Transfer factors are those that strongly influence the effectiveness of linkages 
between the cluster network of firms and the common innovation infrastructure. It 
encompasses the flows of information and skills from the common innovation 
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infrastructure to the cluster network of firms that directly influence firms’ rate of 
absorptions of learning that are essential to their innovative capability.  
Regarding the strength and importance of linkages in Stern et al.’s model of the NSI 
(termed as the NIC in this study in Section 3.3), Stern et al. (2000) state that the common 
innovation infrastructure and a nation’s industrial clusters are reciprocal, strong clusters 
feed the common infrastructure and also benefit from it. For example, in the construction 
industry, a well-provided, high-quality built environment helps to facilitate wealth 
creation and improve living standards, including national education. This, in turn, spurs 
the development of construction capability. If inadequate or inappropriate buildings and 
structures are produced, or if the stock of buildings is poorly maintained and adapted, the 
quality of social and economic life may be compromised and the ability to meet 
innovative demands and improved performance will diminish. Therefore research, 
whether conducted by the industry or by public institutions, is becoming increasingly 
interlinked with other parts of the national and international scientific system (OECD, 
1992).  
Hence, as defined in Section 1.8, within a national system, institutions are essential 
as they entail qualitative change and a demand for reform not only in companies, but also 
to promote social understanding for the construction industry (Okamoto, 1998). This 
study recognises that the role of national research institutions in the NSI takes two forms. 
The first is the direct contribution of technological research financed from government 
funds. The second is the technological cooperation between national institutions and 
corporations. Following the scope of this study, this will be between national institutions 
and contractors in arrangements such as joint ventures, the hybrid forms of economic 
organization that aim at economising on transaction costs. These two notions are in line 
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with Stern et al.’s (2000) notion that national institutions can directly influence a firms’ 
rate of absorptions of learning that are essential to their innovative capability. 
Institutions can be understood as the major national actors that ingrain deeply in 
society, the way organisations, corporations and people relate to each other and how they 
learn and use their knowledge. They will therefore, have a direct or indirect influence on 
the capabilities of the contractors. For instance, in the modernisation of Spanish science 
and technology, creating linkages between research and industry has been one of the main 
policy objectives and several mechanisms have been used to promote these links (Munzo, 
2001). On the other hand, in Portugal, the Portuguese industry manages very well with 
imported technology and does not feel the need to conduct its own research or use 
scientific findings (OECD, 1993a). This study hence examines the NSI factors in relation 
to the quality of linkages in the NSI to be: national institutions’ investments in 
construction innovation; national research institutions’ joint venture with business 
enterprises in the field of engineering and technology; and R&D capability of local 
construction firms. 
3.4.2.1 The role of national institutions and their investments in construction 
innovation 
 
Historically, the construction industry in most countries has been dependent on not only 
government demands for capital structures in the form of public works, state owned 
housing, transportation systems and other constructed facilities but also for direct 
construction research funding. US and UK sources indicate that 40 to 70 percent of direct 
construction research funding comes from governments (Seaden, 1996). High levels of 
governmental intervention in the investments of construction research are largely due to 
the low level of private investments in the development of construction technology in 
comparison to R&D of other industries. R&D in construction is generally less than one 
percent of sales, with most of this being partially funded by national governments through 
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appropriations to national laboratories, universities and non-profit research organizations. 
Only Japan departs from this general pattern whereby Japanese construction companies 
that carry out R&D, invest on average, half percent of sales, which is well above the rate 
in most other countries (Seaden, 1996).   
Therefore, for several decades it has been taken for granted that publicly financed 
basic research makes important contributions to industrial growth and competitiveness of 
construction. However, in countries such as Germany and the US, the increased pace of 
scientific progress, technical innovation and globalisation have led to a public debate and 
request for immediate industrial exploitation of science (Meyer-Krahmer, 2001). It is 
observed that it is no longer possible nor realistic to expect that strength in basic science 
alone will “automatically” result in strong industrial performance or that individual 
countries are able to dominate major industrial and technological sectors through 
advances in basic science in the way the US did in the 1950s and 1960s (Shapira and 
Kuhlmann, 2003).  
Hence, there has been a shift in science and technology policy in recent years in the 
US and Europe, with relatively less pure science, more attention to strategic research and 
a greater emphasis on diffusion (Caracostas and Muldar, 1998). The definition of Irvine 
and Martin (1984, p. 4) of strategic research is that it is ‘basic research carried out with 
the expectation that it will produce a broad base of knowledge likely to form the 
background to the solution of recognised current or future practical problems’. Hence, 
national institutions must be geared to a change in roles: they not only have to perform 
the classic transfer from basic research to industrial research, but also in the opposite 
direction, to transfer complex industrial application problems to an attractive agenda of 
basic research (Meyer-Krahmer, 2001).  
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Changing public sector needs and priorities have also led to governments becoming 
less reliable sources of investment for the industry (Seaden, 1996). This is due to a 
reconfiguration of industrial strategies of nations. Firstly, most developed countries have 
passed the stage where increasing resource mobilizations and investments are adequate 
recipes to embrace for the next decade and beyond. Yusuf and Evenett (2002), examining 
three angles of innovation, the macroeconomic, the firm and the transnational for eight 
East Asian countries, observe that levels of investment in industrial innovations are 
generally already high in most of the middle and higher-income countries in East Asia, 
such as Hong Kong and Japan, and almost in excess. Thus, any further investments in 
industrial innovations will yield meagre, if any, returns (Yusuf and Evenett, 2002). In 
practice, such a strategy, which resembles the one still being followed, could entail a 
substantial waste of resources.  
Second, as discussed in Section 3.2, with the increasing importance of the role of 
firms engaging in strategic innovation, markets are now mature enough to coordinate 
industrial decisions at least as well as, if not better than the state can (Yusuf, 2002). For 
instance, the Japan Association of Representative General Contractors is an organization 
consisting of 120 medium-sized contractors, which have their own management 
foundation and technology and which receive no political protection from the state. The 
purpose of the Association is to promote modernization and rationalization of 
management, to improve technical capability as well as to contribute to the sound 
development of the construction industry in Japan. The members are companies 
positioned in the top 500 contractors in Japan (Okamoto, 2000). Likewise, in Canada, a 
consortium of major private building owners sponsored a major study of best repair 
practices for garages damaged by calcium chloride (Seaden, 1996).  
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Nonetheless as discussed, national institutions are necessary to provide basic 
fundamental research and also to serve as a linkage between the common infrastructures 
of the national economy with the cluster network of inter-relating firms. This is because 
fundamental research faces much higher risks and calls for huge investments as compared 
with applied and development research while the results themselves usually do not have 
any commercial value. Hence, there are countries like Japan that have been criticised by 
other advanced countries as taking a “free ride on fundamental research” (Okamoto, 
1998, p.30). Some of the leading representatives of German industry have already argued 
that one should consider giving up basic research in those areas where only Japanese 
companies can make use of the results including large sectors of microelectronics and 
information technology (Meyer-Krahmer, 2001). Nevertheless, Okamoto (1998) clarifies 
that corporations still expect this kind of fundamental research to be promoted at 
universities and national research institutes, hence, such research should be developed by 
investing large public research funds and the results should be widely shared as cultural 
assets. For instance in Singapore, the Housing Development Board (HDB) transfers 
technology and knowledge from its Prefabrication Technology Centre to practices in the 
industry, enhancing buildability, standardization and prefabrication that improve overall 
productivity of the construction process (Alexander, 1997).  
Therefore, Arrow (1994) notes that national institutions are important in 
determining the direction of knowledge applications, developing channels of external 
sources of knowledge and facilitating participation in strategic alliances and knowledge 
networks. In the future, under a situation where the importance of technological power 
and R&D for general contractors will increase much more, the technological research 
institutes, as the centres of R&D, will promote training in research and progress for 
strategic development, while competing with each other and planning the lateral 
development of research results (Okamoto, 1998). Hence, many researchers (National 
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Research Council of Canada, 1986; Sidwell et al., 1988) identify institutionalised R&D as 
a possible major and future source of technological innovation in construction and assert 
the urgency of an increased level of investment in construction R&D. Okamoto (1998) 
notes that the future tasks of the technological research institutes include: 
• Make clear the direction and strategy of R&D; 
• Utilise the transfer of the R&D results; 
• Conduct adequate personnel controls for employment and training of researchers; 
• Promote collaborative research (outsourcing); and 
• Adopt an international viewpoint.  
3.4.2.2 Technological cooperation between national institutions and local 
contractors 
 
Research joint ventures involve companies, universities and/or government agencies and 
laboratories in various combinations to pool resources in pursuit of a shared R&D 
objective (Caloghirou et al., 2004). In the past, government science and technology policy 
emphasised basic R&D, assuming that the volume and structure of industrial and applied 
R&D is the responsibility of firms (Meyer-Krahmer, 2001). However, currently in the 
European Union, the market failure rationale has provided the justification for the support 
for cooperative research between governments and private firms. Economists and policy 
makers are proclaiming that cooperation allows society to break free from the long 
recognised market failure in R&D. It restores the incentives for firms to engage in 
research that is uncertain, risky and expensive and whose results are usually only 
imperfectly appropriable by any single organisation (Caloghirou et al., 2004).  
This has created some uneasiness among policy analysts who argue that there may 
be a trade-off between competitiveness and cohesion. Sharing control over R&D 
knowledge and resources seems to contradict the long held conviction that R&D 
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constitutes the absolute “core” of the firm's competitive essence. Furthermore, this would 
imply picking privileged competitors with the ownership of intellectual property rights 
arising from collaborative work (Georghiou, 2001). However in the US, the market 
failure rationale remains strong in ensuring adequate cooperation between the state 
governments and private corporations. Similarly in Spain, it is observed that the extra 
public expenditure on R&D is to correct the traditional backwardness of Spain.  
In Spain, the public expenditure on developments of technologies and industrial 
innovation promote further competition among companies (Munzo, 2001). Similarly, 
Japan, a staunch supporter of cooperative R&D, has been facilitating the link between 
industry and universities and the strengthening of the latter (Caloghirou et al., 2004). In 
Sweden, university-industry co-operation is performed through intermediaries such as the 
Council for Building Research (BFR) and partnerships between Sweden’s building sector 
and its universities such as those in the “Competitive Building” programme. The BFR is a 
special government agency responsible for supporting the R&D interests of the Swedish 
construction industry (OECD, 1987) while the “Competitive Building” programme’s 
vision is to develop the Swedish construction industry to be among the foremost in 
Europe in its ability to fulfil customer’s requirements and to meet the needs of society. In 
Hong Kong, the Construction Industry Review Committee (CIRC, 2001) calls for better 
collaboration between industry and local research bodies on construction-related R&D. 
Hence almost everywhere, increasing the interplay among private firms, and universities 
and public research institutions is a priority. It ensures that there will be technological 
opportunities over the long term, and improve the public research sector’s responsiveness 
to economic and social needs (OECD, 1999). Georghiou (2001) observes that 
collaborative research will remain for the foreseeable future the most attractive way to 
enhance firms’ income from government sources and their contribution to the economy. 
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However, Milford (2000) observes that while the role of the government-supported 
research institutes and universities in supporting the development of the construction 
industry is without question, the extent of its contribution or influence is difficult to 
quantify. As although, national institutions are able to provide advanced technical know-
how, the question remains if such technological advancements from national institutions 
are able to promote contractors to undertake more innovation. Manseau (1998) observes 
that national R&D investments alone appear rather inadequate in promoting innovation in 
construction. Furthermore, it has been argued by Moon et al. (1995) that governmental 
intervention may bring about detrimental effects on innovation such as joint public and 
private R&D projects that undermine dynamism and competition and hence result in 
“wasteful” efforts that may only create the demand for more help.  
Moon et al. (1995) state that these types of discriminatory governmental actions can 
lead to the creation of a "shelter" for domestic firms preventing the development of 
sustainable competitive advantages. For example, in Singapore, bidding preference for 
local firms, pre-financing loan scheme, assistance with construction management, and the 
supply of key materials, were some measures taken by the public-sector clients in the 
1980s to help contractors to upgrade their operations (Wong and Yeh, 1985) (also see 
Section 2.8.2). However, these consequently created a dependency attitude in the local 
construction industry. Nonetheless, there are various market specific influences that have 
made it increasingly difficult for governments to protect specific sectors. For instance, 
memberships in international organisations such as the WTO, which aims to promote free 
trade (Yusuf, 2003). 
National institutions’ role in promoting construction innovation through the NSI has 
its weaknesses. Nevertheless, national institutions is a significant facilitator of innovation. 
Hence, there may be a need for the realignment and reconfiguration of institutional 
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policies to address their shortcomings and to achieve greater efficiency and effectiveness 
from construction innovation strategies within the dynamic environment of the NSI.  
3.4.2.3 R&D capability of local contractors 
Teece et al. (1997) define a firm’s capability as its ability to integrate, build, and 
reconfigure internal and external resources and competence to address rapidly changing 
environments. Rangone (1999) developed a model in which superior economic 
performance is based on three core capabilities of firms: innovation capability, market 
management capability, and production capability. This study’s interest lies in innovation 
capability, which Rangone (1999) defines as a company’s ability to develop new products 
and processes and achieve superior technological and/or management performance. This 
is the notion of “innovativeness”, which Rogers (1995, p. 37) defines as ‘the degree to 
which an individual or other unit of adoption is relatively earlier in adopting new ideas 
than other members of a social system.’  
This suggests that innovativeness or innovative capability is an organisationally 
embedded non-transferable firm-specific resource whose purpose is to improve the 
productivity of the other resources the firm possesses (Makadok, 2001). However, the 
sustainability of these capabilities depends on the ease with which they can be imitated or 
substituted for (Haan et al., 2002). Innovation can only form the backbone of a 
company’s competitive strategy if it is difficult to develop and imitate (Slaughter, 2000; 
Haan et al., 2002). Hence, innovation capabilities allow a company to distinguish itself 
constantly on the dimensions that are important to its clients.  
Meyer-Krahmer (2001) further suggests that a concentration of R&D capability is 
necessary in those areas for which comparative advantages and/or high national or 
international demand can be expected. This suggests that innovative capability of firms is 
increasingly required not only for the contribution to the rate of innovation in 
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construction but also as a strategic core capability that sustains the firm’s fortitude in the 
competitive construction industry. Nonetheless, effective implementation of innovation 
brought about by ample innovative capability does not guarantee that it will, in fact, prove 
beneficial to the firm (Dulaimi et al., 2002b). The question lies on whether firms are able 
to choose the most suitable technologies available to them, and having chosen them, to 
use them to their full potential (United Nations Centre for Human Settlements, 1995).  
Therefore, innovation can maximize its potential only if its capabilities and 
ambitions match the company's wants and needs. Firms that are proposing and supporting 
the innovation must have relevant capabilities (Ling, 2003). As discussed earlier in this 
section, since national institutions are a source of basic research and provider of effective 
linkages between firms and the common innovation infrastructure, research capability of 
firms is an output of the coordinated efforts of national institutions and an important 
influence on firm’s level of innovation. 
3.4.3 NSI Critical Element 3: Common innovation infrastructure 
For technology to flourish in any industry, a nation must first have the necessary 
infrastructure, knowledge and technicalities to provide the required support (Feldman, 
2001). This infrastructure is known as the common innovation infrastructure in the theory 
of NSI. Stern et al. (2000) and the OECD (1997a) note this notion under the domain of 
the common innovative infrastructure and the science and engineering base respectively 
(Figure 3.1 and 3.2). Stern et al. (2000) generalise the factors of common innovative 
infrastructure as: an economy’s aggregate level of technological sophistication; the size of 
the available pool of scientists and engineers who may be dedicated to the absorption and 
production of new technologies; and the additional cross cutting elements that may be 
important for explaining the level of innovative output by a country at a point in time. 
Hence, the level of accumulated knowledge and technology within the common 
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innovative infrastructure is not only particular to a single industry, rather, it is the level 
embodied within a nation.  
As discussed in Section 2.10 advancing science, methodology, or tacit knowledge 
generally calls for a strong accumulated base of basic knowledge and a critical mass of 
skills. This is based on a simple notion that advanced technological systems do not and 
cannot get created in splendid isolation (Teece, 1992). Therefore, in order for technology 
to flourish in an industry, the nation must first have the necessary infrastructure, 
knowledge and technicalities to provide the required support (Feldman, 2001). Under the 
diamond concept, Porter identifies (1990, p.77) these nation-endowed factors as “basic 
factors” that create competitive advantage. 
Similarly, the Heckscher-Ohlin (HO) model (Heckscher, 1949) theorises that 
comparative advantage arises from differences in factor endowments in nations. A 
country will have comparative advantage in, and therefore will export, that good whose 
production is relatively intensive in the factor with which that county is relatively well 
endowed and thus enjoys low production cost. However, in today’s globalised economies, 
there is an increasing significance of cross-border trade and investment in similar 
products among countries. The question now lies on what induces nations to trade when 
their factor endowments remain similar. The Linder model (Linder, 1961) attempts to 
explain international trade among countries that have similar endowments.  
Linder (1961) makes two assumptions: first, a country exports those manufactured 
products for which there is a significant home market as extensive production allows 
economies of scale that reduce production costs. However, this assumption largely rests 
on the home-oriented view of the managers which when applied to today’s global 
economy, is less appealing because firms often target the global market rather than only 
domestic markets (Dunning, 1993). Second, it assumes that countries with similar income 
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levels would have similar tastes. Hence, the production of goods and services in each 
country is primarily for the domestic market but part of the output will be exported to 
other similar countries. The differences between the HO model and the Linder model are 
due to the different perspectives of the two theories: the HO model on a production side 
and the Linder model on a demand side (Cho and Moon, 2000). 
Although, the HO model explains the basis of Porter’s emphasis on basic factor 
endowments, Porter’s (1990) central argument is that a nation does not inherit but instead 
creates advanced factors. Porter (1990) notes that national endowments should include 
advanced factors that are scarcer, and more difficult for foreign competitors to imitate, as 
they require sustained investments to create. This study investigates the NSI factors that 
may encourage local contractors to create advanced factors that sustain their competitive 
edge. These NSI factors are: Construction productivity; Demand for construction; and 
Local contractors’ profit level.  
3.4.3.1 Pools of technologies and highly skilled professionals 
Productivity is the amount of goods and services produced by a productive factor in a unit 
of time. Hence, high productivity is the intensive use of scarce resources converting input 
into output (Arditi, 1985).  
In construction, productivity is often determined by the complexity of the 
construction process in relation to the extent of use of capital equipment to supply a stock 
of building products (Davis Langdon & Seah International, 2000). This requires use of 
advanced technologies and a high level of professionalism of the construction workforce. 
Porter (1990) and Stern et al. (2000) argue that the supply of such factors is dependent on 
a nation’s factor conditions within the diamond concept or the common innovative 
infrastructure in the context of the NSI. As discussed in the previous section (Section 
3.4.3), Porter (1990) observes that competitive advantage is sustained by the creation of 
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“advanced factors” instead of “basic factors”. International organizations such as the 
UNESCO (1996) and the OECD (1999) observe that such advanced factor conditions 
produce benefits that go beyond those accruing to the investors but to all other 
participants within the system. 
However, construction today still significantly lacks investments in such advance 
factors. Instead, it is highly dependent on basic resources that can be easily accessed 
through global strategies. For instance, in Singapore as construction is highly labour 
intensive and often faced with labour shortage and poor workmanship the firms choose to 
import cheap and unskilled labour from foreign lands rather than initiate or increase 
investments in advance technologies such as robotics. With the lack of creation of 
advance factors within the common innovative infrastructure, construction productivity 
has been on the decline and construction labour efficiency is often cited as poor (Arditi, 
1985). For instance in Korea, Jin and Ryung-Goo (2003) observe that in the 1970s, the 
productivity of the construction industry was twice as high as that of manufacturing. This 
productivity gap was maintained through the 1980s but narrowed until the middle of the 
1990s due to the lack of technological developments in the construction industry. Since 
then, while manufacturing productivity increased rapidly, construction productivity has 
stagnated, and the productivity gap was reversed in the second half of the 1990s. By 
1999, the productivity of manufacturing was 40 percent higher than that of construction. 
Other authors (such as Choromokos and McKee, 1981; Arditi, 1985; Thomas et al., 
1990; Horner and Talhouni, 1995; Radosavljevic and Horner, 2002) observe that major 
causes of the productivity and profitability stagnation in the industry are also due to the 
turbulent nature of the industry, the labour intensive work, the unique character, and the 
occurrence of unpredictable events (Section 2.4). Hence, the industry finds difficulty in 
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adopting labour saving technologies due to the one-off nature of construction projects and 
the fragmented structure of the industry (Chau and Lai, 1994).  
Nonetheless, Porter (1990) notes that unfavourable basic factors can create 
pressures to invest in advance factors and/or provide initial drivers of progress and 
development that are subsequently extended and reinforced through more advanced 
factors. For instance, low productivity faced by Japanese construction firms due to low 
quality basic factors has led firms such as Obayashi and Shimizu to develop technologies 
that enable mechanization of outdoor operations (Obayashi, 1994). However, this notion 
of specific national influence of basic factor conditions has been criticized as old 
fashioned and misguided (Rugman and Cruz, 1993) as the fundamental principle of 
immobility of assets across national boundaries is no longer true. For instance, the 
unfavourable factor conditions faced by Singapore’s construction industry did not 
stimulate local firms to engage in technological improvements. Instead, Singapore’s 
construction industry draws upon Japan’s technological infrastructure due to Singapore’s 
poor national innovative infrastructure, employing Obayashi’s “Big Canopy” technology 
in the construction of DBS Square. 
Hence, the need for progress in construction productivity and quality should 
cultivate both business and national strategies towards developing advanced factors that 
create and sustain a construction firm’s or nation’s competitive edge 
3.4.3.2 Demand for construction 
Love and Holt (2000) observe that in an increasingly competitive and shrinking global 
construction marketplace, never before has the size of demand been more important to 
firms and nations. Nonetheless, Rosegger’s (1996) examination of the Cobb-Douglas 
function notes that a large size or growth of demand within any country or industry may 
not always imply a corresponding rate of growth. There are aspects of the quality of 
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demand that may impede innovation. This study notes two such aspects of demand 
quality, the micro and the macro aspects. 
For the micro aspect of demand quality, Grossman and Helpman (1991) caution 
that GDP growth may not accurately measure technological growth in economic output 
because the increase in the quality and variety of goods and services available to 
consumers is only imperfectly reflected in the national income accounts. For instance, in 
the advancing economy of China, users’ increase in demand for performance has 
increased at such great pace that where the quality of some completed apartments in 
China is low, end purchasers will not buy them even at very low prices (Cheng, 1999). 
Thus, as Porter (1990) observes, the composition of demand shapes how firms perceive, 
interpret and respond to buyers’ needs, hence, the quality of demand is of equivalent 
importance to the level of demand.  
Porter’s notion is supported by Herbig and Day (1992) who note that unless a 
product or service is relevant, have demonstrated value and fulfilled a need or satisfied a 
want, all intense promotions by the manufacturer even when demand volume is high, will 
not succeed. This is based on the theory that demand only drives innovation when it is 
recognised that value starts with the buyers and an adoption of an innovation will occur 
only when the innovation benefits the consumer (Simmons, 1985). Utterbank (1974) 
further supports this notion where his study notes 60 to 80 percent of important 
innovations in a large number of fields have been in response to market demands and 
needs. Hence, to Porter (1990), nations gain competitive advantage in industries where 
the home demand gives their companies a clearer or earlier picture of emerging buyer 
needs, and where demanding buyers pressure companies. 
Nonetheless in construction, consumers are often not able to translate clearly and 
completely their specifications for product, price and delivery, let alone the more subtle 
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issues of personal needs or organizational priorities (Lyons and Alexander, 1991). 
Understanding of quality of demand is further complicated by the reality that consumers’ 
expectations change dynamically while the firm’s understanding of these expectations 
often remains the same as it habitually sanitizes, disembodies, disperses and quantifies the 
consumers’ demands through mere statistical accounting of the industry’s level of 
demand (Lyons and Alexander, 1991). Thus, the cost of understanding and responding to 
consumers’ needs can easily spiral out of control and prove to be difficult for firms to 
capture. Hence, Nam and Tatum (1992) believe that consumers’ demands that are in 
general technologically conservative inhibit the implementation of new ideas in the 
construction industry. Hence, the quality of the growth of demand or the knowledge of 
clients and superiority of consumers’ needs is as important as in stimulating a greater 
level of construction innovation within the system  (Ang and Hermans, 1999). These are 
the quality aspects of demand that are not reflected in basic value add indicators. 
For the macro aspect of demand quality, the unpredictable volatility in demand, 
prices, product characteristics, technologies and other important industrial characteristics 
of construction can influence decisions on innovative activities through the increasing 
difficulty in the amortisation of capital and fixed costs necessary for generating and 
adopting innovations (Gann, 2000). These perceived uncertainties heighten when firms 
require a significant amount of time and resources to select the best decision based on 
wavering assumptions (Howes and Tah, 2003). A major consequence of such is the 
preference for short term contracting. In equipment terms this will mean that plant may 
be hired rather than bought. In labour terms it implies an increase in subcontracting and 
creation of temporary relationships, hence providing diminutive motivation for 
innovation. 
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This study thus considers the rate of fluctuations in demand together with the level 
and quality of construction demand as a contributory NSI factor within the common 
innovation infrastructure that influences contractors’ level of innovation in a nation.  
3.4.3.3 Sources of funds for innovation 
Burrows and Seymour (1983) observe that cost is the overriding concern in the day-to-
day business of construction as well as in the longer-term deliberations on the changing 
shape and practices of the industry. Hence, with the costs of innovation increasing due to 
higher personnel, equipment, regulations and testing costs (Shields and Young, 1994), 
there are strong pressures being placed on firms to reduce innovation costs (Business 
Week, 1992; 1993a; 1993b; Corcoran, 1992). In addition, in construction both the project 
value and investment cost of innovation are uncertain variables (Wu, 2005). However, 
site visits undertaken by Shields and Young (1994) indicate that it is not prudent to 
minimise financial costs. This is because too much focus on them can reduce the quality 
of the innovation program over the long run.  
Learning to innovate is thus, strongly related to the availability of capital 
investments for plant and equipment (Milford, 2000). Hence, it is important that 
contractors are determined to commit resources and establish supportive policies and 
priorities required for innovation (Tatum and Funke, 1988; Slaughter, 2000). The 
commitment should not be confined to the initiation stage, but be maintained throughout 
the project until the innovation has been successfully implemented (Ling, 2003). Hence, 
for long-term commitment to persist, contractors require a high level of excess funds to 
invest in creating and maintaining their competitive advantage through innovation. 
As introduced in Section 2.6 and later discussed further in Section 3.5.2, innovation 
is a social product that produces benefits that go beyond those accruing to the investors 
and to all other respondents within the system. However, due to the fragmentation of the 
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production process with little standardization, prefabrication and repetition of products, 
clients, consultants and other construction practitioners other than contractors, have little 
reasons to invest time and capital in the industry’s production process (Burrows and 
Seymour, 1983). For instance, the consumer is only concerned with his unique end 
product. Even industrial or commercial clients will be concerned only to rationalize their 
own production processes, not the construction process itself. Hence, the availability of 
funds for contractors to maintain their competitive edge through innovation is very much 
dependent on their own profit returns.  
In turn, the contractor will invest funds to innovate only if he can define the 
production process and ensure continuity of designs and methods (Burrows and Seymour, 
1983), maximizing his returns. In other words, the common belief is that the 
developments of research will lead to industrial development. Yet, clearly, construction 
firms will wait until expected profit levels have risen sufficiently before taking an interest 
in R&D, conducting it themselves and encouraging university laboratories to do the same 
(OECD, 1993a). Hence, R&D and innovation must not only be lucrative tasks but there 
must be a continuity of profit returns to ensure contractors’ commitment to innovation.  
To develop an appropriate common innovation infrastructure that would enable 
contractors to increase their level of investments in innovation, flexible-financing 
arrangements may be provided. For instance in Denmark, co-financing is applied for the 
promotion of cooperation between national institutions and enterprises in long-term 
technological development work. This promotes a progressive improvement in individual 
enterprises’ technologies by giving financial help and covering the risks inherent even 
where they do not amount to new technology in the strict sense. With a good track record 
of innovation projects, local contractors are able to receive better credit finance offers. 
Therefore, it improves their threshold of risk. Most importantly, this will cultivate a 
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reduced role in industrial and technology policy of direct government support, a progress 
that Singapore hopes to develop (Section 2.8.3). Governments will mainly play a role as 
catalysts and brokers in strengthening cluster formation while the private financial 
institutions take over the role of financial assistance to research projects. Together, they 
will foster the emergence and growth of clusters of innovative industries.  
Likewise, Finland in identifying the need for Finnish contractors to establish their 
financial capability and creditability, initiate the Capital Loan Scheme, an R&D loan. It is 
designed in such a way that it can be treated as equity in the firm's financial statement. 
Hence, this instrument strengthens a firm's position in the financial markets and increases 
its credibility. The condition for the pay back of research loan is dependent only on the 
success of the innovation. While granting a loan, a national regulatory board, such as the 
Technology Development Agency (TEKES) in Finland, rates the technological potential 
of the recipient firm. This rating is also available to other financiers (Ormala, 2001). This 
allows the building of innovating firms’ track record of research projects, providing a 
measure of their R&D capability. For example, in Japan, the fact that a company that has 
its own technological research institutes gives it a social recognition as a first-class 
general contractor and demonstrates the effect in terms of corporate image and sales 
activities (Okamoto, 1998).  
3.5 DRIVERS OF CONSTRUCTION INNOVATION IN THE NSI 
The NSI provides strategic configuration of a national environment that is conducive to 
innovation through developing basic and advanced resources for R&D, the development 
of specific clusters of expertise and providing the linkage between these two that optimise 
the exploitation of national resources by revenue generating firms. From the discussions 
of the three critical elements of the NSI, based on the OECD’s (1997a) (Figure 3.1) and 
Stern et al.’s (2000) (Figure 3.2) NSI models, to increase the level of innovation within 
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any industry, the focus is on improving firms’ capabilities and using these capabilities to 
meet consumers’ demands. Thus, applying the NSI to the construction industry, the actor 
that carries out and/or implements the innovation is the construction firm, the “end 
producer” of the building product that meets consumers’ demands. In this study, the 
drivers of innovation within the NSI will thus be in relation to the construction firm. 
Hansen (1996) notes that the impetus for construction firms to innovate comes 
mostly from sources outside the strategic planning process and include: pressures from 
clients; internal champions; existing technological capabilities; and technological 
opportunities for increased productivity. The OECD (1999) observes that market-
articulated demands and other social needs influence innovation. Mitropoulos and Tatum 
(2000) on the other hand note four forces driving the adoption of new information 
technologies by construction firms: competitive advantage; construction process 
problems; technological opportunities; and external requirements - such as clients and 
regulators who may demand the use of a specific process technology. These authors’ 
notions are in line with the economic theory of innovation that suggests that returns to 
innovators from R&D and positive externalities drive the process (Valence, 2002). 
Reichstien et al. (2005) propose that construction firms are under less pressure to 
innovate in the UK due to three possible reasons. First, it may be due to managerial 
strategies that focus on incremental improvements in processes rather than radical 
transformations. Second, there may be a lack of innovation-orientated competitive 
pressure in the industry. Third, it could be the result of low demand for innovations by 
clients. These suggest the importance of clients’ demands, and their pressure on the 
construction industry to innovate.    
Hence, many authors (such as Utterback, 1974; Winch, 1998; Milford, 2000 and 
Seaden et al., 2003) advocate that demanding clients and other elements in the innovation 
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superstructure play a vital role in stimulating contractors to search for new ideas. 
However, it is the innovation infrastructure that has the responsibility of managing them 
into good currency. This study hence investigates these two variables, profit motivation 
and consumers’ satisfaction as drivers of innovation within the context of the NSI. 
3.5.1 Profit motivation 
It is crucial to know why technological change occurs, why firms innovate (OECD, 
1997a) (Section 2.6). Schumpeter (1934) and Porter and Linde (1995) put forward the 
reason that firms are essentially seeking rents through either introducing a new product 
or applying a new production process. Regarding innovation, authors (such as Markides, 
1999, Quinn, 1992, 1998, Prahalad and Venkat, 2004) agree on one fundamental 
principle: innovation is the primary source of wealth creation. A new technological 
device is a source of some advantage for the innovator where depending on the elasticity 
of demand, a combination of lower price and a higher mark-up than its competitors will 
allow the innovator to gain larger market share and seek greater rent (OECD, 1997a). 
Hence, Harper (1963) observes that the root problem of poor growth in any industry or 
nation is the failure to understand the nature of the economic system, the repeated failure 
to capitalize on the power of profit incentives to induce productive efforts, investments 
and innovations.  
In construction, it has been observed that profit margins are often so low that they 
provide inadequate incentives for construction firms to innovate (Section 2.6). However, 
some authors (Laredo and Mustar, 2001; Miltersen and Schwartz, 2004) observe that the 
key problem may not lie in the low profit margin of the construction industry but rather 
the multiple sources of uncertainty in R&D investment projects and their complicated 
interactions due to the unique characteristics of construction (Section 2.6). Nonetheless, 
Seaden et al. (2003) note that there is a significant relationship between profitability and 
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business innovation. Similarly, from the perspective of neoclassical economic theory, the 
private ownership of firms creates powerful profit-linked incentives that guide owners to 
minimise the cost of producing any given quantity of good through technological 
advances.  
Hence, there is a need to analyse the influence of profit as a driver of innovation on 
construction related factors within the NSI. This will provide a clearer understanding of 
the low levels of innovation within the construction industry and offer possible business 
strategies to meet contractors’ profit maximisation goals through technological advances. 
In addition, other than providing private benefits, the reduced production costs through 
technological advances benefit all of society, increasing consumers’ satisfaction with 
their end product (Demsetz, 1995). Hence, this study proceeds to discuss the social 
desirability of construction innovation and the gain in consumers’ satisfaction through 
improving construction productivity and quality.  
3.5.2 Consumers’ Satisfaction  
Studies of innovation in manufacturing have long since stressed the positive influence of 
the consumer and the client (Rothwell et al., 1974; Lundvall, 1982; Cooper and 
Klienschmidt, 1987; von-Hippel, 1988). In studies of the capital goods sector, a steady 
stream of literature places the client at the centre-stage in the innovation process 
(Gardiner and Rothwell, 1985; Miller et al., 1995; Guy, 1997; Nam and Tatum, 1997; 
Gann, 2000; Pinto and Rouhianen, 2001). Miller et al. (1995) show that the consumers for 
complex bespoke products tend to be key sources of knowledge for innovation and key 
drivers of it. Similarly, Gann (2000) points to the growth in the use of digital technology 
in buildings during the 1980s, arguing that this was underpinned by demands from 
building clients for new approaches to building design. Gardiner and Rothwell (1985) go 
as far as to claim that clients should be full ‘partners’ in the innovation process. Nam and 
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Tatum (1997) note that in seven out of ten of the construction projects they researched, 
clients and consumers made important technical decisions and often shared a high 
proportion of the risks associated with innovation. 
Ozaki (2003) observes that many researchers in marketing have stressed the 
importance of satisfying clients and consumers. They believe that a better and deeper 
understanding of these customers’ requirements leads to successful businesses, 
emphasizing the “company–customer interface”. Dillion et al. (2005) observe that this is 
the notion of value innovation, the creation of exceptional value for both the clients and 
the consumers. Continuing success in delighting them, in turn, drives sustained increase 
in enterprise value. As defined in Section 1.8, in construction, customers vary 
considerably in size, interest and motivation. Since the end-users or the consumers, as 
defined in Section 1.8, determine the final level, type and quality of demand for 
constructed products, this section’s focus is mainly on the consumers.  
This study suggests that there are two levels of consumer satisfaction. First is the 
satisfaction of consumers’ wants for safe buildings and structures that have minimal 
impact on the natural environment while providing acceptable living standards 
(Hillebrandt, 1985; Meyers, 2004). Second is the accommodation of personal preferences 
on top of certain standards where consumer care is a market differentiator  (Power, 2000; 
Ozaki, 2003).  
Ozaki (2003) observes that the latter is a new idea for the industry. The National 
Customer Satisfaction Survey (Housing Forum, 2001) in the UK indicates that while 
consumers’ satisfaction does not have positive impacts on construction businesses, a low 
satisfaction score indicates that consumers are likely to make negative comments on the 
firm and switch the provider. The traditional business strategies of construction firms, 
which only focus on the former level of consumer satisfaction rather than the latter, may 
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have been the root factor in such results of this survey. Normann (1984) suggests that 
construction companies’ strategies should shift towards consumer orientation while 
Henkel and Hippel, (2003) state that innovation by users is an important part of overall 
innovative activity in the economy as consumers have been found to be the developers of 
many commercially important innovations. Barlow and Ozaki (2000) observe that some 
speculative house builders have indeed transformed themselves from mere house builders 
to service providers, seeking consumers’ brand loyalty. 
3.5.2.1 Basic satisfaction of consumers wants 
In relation to the first level of consumers’ satisfaction, Jeremy Bentham (1748-1832), the 
founder of utilitarian theory, states that society should seek the greatest happiness for the 
greatest number. Under the theory of Pareto Efficiency, maximization of utility implies an 
efficient allocation of resources whereby no other alternative allocation can make at least 
one person better off without making anyone else worse off (Broadman et al., 2001). 
These theories converge to the same notion that utility of all consumers should be 
maximized to attain greatest satisfaction of consumer wants.   
However, markets generally do not often reach optimum social benefits because 
private benefits from investments in production and knowledge creation are often not 
fully capitalized by the investing firm. Hence, there are gaps between the social and 
private returns created by spillover benefits from investments by private firms. In terms of 
innovation, empirical studies indicate that R&D tends to create improvements in society 
that are much larger than the private returns captured by the organization undertaking it 
(Seaden, 1996). A survey by Griliches (1991) shows that such spillover benefits are quite 
large where between one-third and two-thirds of the economic benefits of R&D are not 
captured by the organization that performs it.  
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Seaden (1996) notes that the risk of foregone opportunities for socially beneficial 
innovation is greater in highly competitive industries such as construction, as firms that 
operate in competitive markets are less able to translate their innovations into higher 
profits than firms that possess some degree of market power. Mansfield (1977), studying 
17 different industries, provides the empirical evidence that the social rate of return from 
investment in the development of new building materials is 96 percent. This is well above 
the private return of only 9 percent. Thus, in the industries such as electronics and 
communications, which are very technology intensive and have large dominant players, 
costs to consumers have been dropping in a systematic manner while in the construction 
industry, with its highly fragmented and competitive structure, consumers are 
experiencing steadily rising costs (Seaden, 1996). Therefore, the study by Henkel and 
Hippel (2003) on the Welfare Implications of User Innovation concludes that consumer 
innovation is indeed welfare enhancing. 
Thus, government intervention may be necessary to optimise social benefits for the 
welfare of society. For instance, in the recent construction arena, governments have 
adopted various policies and regulations in response to the increase in social pressure for 
a higher level of construction productivity and quality through encouraging and enforcing 
innovation. For instance, in Singapore the introduction of regulations under the Building 
Control Act, which requires building designs to have a minimum buildability score, is 
intended to stimulate innovative construction through achieving the objectives of the “3S 
Principles” of Buildable Design: Standardisation - repetition of grids, sizes of components 
and connection details; Simplicity - uncomplicated building construction systems and 
installation details; and Single integrated elements - those that combine related 
components together into a single element that may be prefabricated in the factory and 
installed on site (BCA, 2003). Another example is that countries such as New Zealand, 
Sweden and Belgium are imposing levies to finance construction research. In such 
 113
programs, all firms are compelled to contribute; they cannot opt out and hope to have a 
free ride on the results of the research (Seaden, 1996). 
Since optimising the utility to consumers of constructed output would provide 
welfare benefits to the nation, why are governments not offering firms compensation for 
the entire spillovers through national policies to maximise social benefits? This is because 
national resources are finite and construction is an industry that involves the assembly of 
a large variety of materials and components (Hillebrandt, 1985). The 1997 Asian Crisis 
provides evidence of the critical importance of efficient allocation of resources. There is a 
fair consensus today that Japan’s banking sector, overburdened with a huge number of 
non-performing loans for property development, forms an obstacle to the recovery of the 
economy (Ganesan, 2000). During this crisis, excessive borrowing and investments of 
poorly informed property developers lead to the oversupply and collapse of property 
prices (Ganesan, 2000). By the end of 1997, South Korea, Indonesia and Thailand 
together owed US$379 billion to foreign lenders. Of this amount, US$294 billion was due 
to “excessive and unprofitable” industrial, real estate and infrastructure expansion, and by 
February 1998, there were reported to be 80 abandoned or delayed projects in central 
Bangkok alone (Hale, 1998; Ganesan, 2000).  
These examples reveal that many of the world’s resources, factors of production 
such as land, labour, capital and enterprise, are finite, and inappropriate allocation of 
resources will only lead to a greater divide between the satisfaction and dissatisfaction of 
wants. This problem of scarcity has to be resolved by resource allocation through welfare 
maximization, an economic action of the government. 
3.5.2.2 Consumers’ personal preferences and consumer care 
For the second level of consumers’ satisfaction, the literature of user innovation claims 
that consumers feel satisfied with innovative companies and their innovative services and 
 114
products (Ellis and Curtis, 1995), and that an accurate understanding of user needs is a 
key to success (Herstatt and von Hippel, 1992). Authors such as Lovelock (1988), and 
Craig and Roy (1999) note that emphasis has been placed on the quality of building 
products and the reduction of defect rectification. This suggests that in construction, 
products have to be provided in a seamless process to meet consumers’ satisfaction and 
needs. For instance, fully automated construction system was desired as it is able to cut 
cost, environmental pollution, increase speed of construction, and dramatically improves 
safety and quality control to the benefit of living standards in general (Bini, 2005). These 
aspects can be influenced by process innovations that put emphasis on productivity and 
quality of the end product. 
However, Ball (1999) observes that many construction companies have not 
attempted to introduce novel construction processes, due to conservative consumers and 
clients that make it difficult for them to be innovative. The contention of Ivory (2005) 
based on three construction case studies that examined the role of clients in design, 
innovation and process development showed that clients, in the present economic, 
regulatory and cultural climate at least, are not always supporters or sponsors of 
innovation. The aspect of client’s involvement in the innovation process depends on the 
degree to which the client perceives there to be benefits to them in innovating (von-
Hippel, 1988). Clients concerned with budgets and completion times, is likely to shrink 
from innovation. Hence, clients should not be routinely expected to take on the risks and 
costs associated with innovation (Ivory, 2005). 
Nonetheless, Power (2000) has confirmed that there is a link between consumers’ 
satisfaction and consumers’ loyalty in the construction industry. Dillion et al. (2005) 
suggest that the greatest economic value comes from innovations that directly impact 
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consumers’ value, providing exceptional value to the most important consumer in the 
value chain. 
This study thus observes that the difference between consumers’ desire for higher 
construction productivity and quality and the actual level of construction productivity and 
quality presents the pressure firstly, on the construction firms to innovate and secondly on 
the governments to drive changes in their policies and regulations toward innovation in 
construction. This notion is similar to the ‘SERVQUAL’ model (Parasuraman et al., 
1985, 1988), in which service quality, and therefore customer satisfaction, is determined 
by ‘comparison between expectations and performance’ (Parasuraman et al., 1985, p.42). 
Although there is no consensus on the validity of this model (see Cronin and Taylor, 
1992; Teas, 1993), it is generally understood that customers’ expectations set a certain 
standard by which they evaluate the service and product that they receive. For instance, 
the BCA awards the “Quality Mark for Good Workmanship” to developers who achieve 
the stipulated quality workmanship standard. This scheme is a strategy to encourage 
developers to consistently deliver quality homes, which in turn will put pressure on the 
contractors to deliver such houses to meet the satisfaction of consumers. This study 
therefore recognises consumers’ satisfaction as a key driver of innovation in the NSI in 
the context of construction. 
3.6 CHAPTER SUMMARY 
This study has examined two models of the NSI, the IPT and the NIC, formulated by the 
OECD (1997a) and Stern et al. (2000) respectively. From this analysis, three critical 
elements of the NSI are set out: (1) Construction cluster networks; (2) Quality of linkages 
between the cluster network of firms and the national innovation infrastructure; and the 
(3) Common innovation infrastructure. 
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From the application of the NSI to the context of construction, this study has 
highlighted 10 NSI variables that may influence a contractor’s decision and/or strategy in 
innovation. These 10 NSI variables are classified according to the three critical elements 
of the NSI:  
1. Construction cluster networks- Foreign Direct Investments (FDI), Market share of 
local and foreign contractors in the construction industry, and Level of technological 
cooperation;  
2. Quality of linkages between the cluster network of firms and the national innovation 
infrastructure - National institutions’ investments in construction innovation, 
Technological cooperation between national institutions and local contractors, and 
R&D capability of local contractors; and  
3. Common innovation infrastructure – Pools of technologies and highly skilled 
professionals, Demand for construction, Construction demand fluctuations, and 
Sources of funds for innovation.  
From the discussion of these 10 variables, it is noted that the role of construction 
firm is paramount in creating a higher level of innovation within the construction 
industry. Hence, this study’s emphasis is on the construction firm. Two factors that drive 
contractors to innovate within the NSI are thus highlighted. They are: profit maximisation 
objective of construction firms and consumers’ satisfaction. 
With the theoretical identification of the 10 NSI variables, this study now proceeds 
to develop a theoretical model of the NSI that will be applied to meet its stated research 





CHAPTER 4: BUILDING THE EXPERIMENTAL NSI MODEL 
 
4.1 INTRODUCTION 
In this chapter, a theoretical model of the NSI is developed and presented based on the 
literature review in Chapters 2 and 3. Section 4.2 discusses the selection of a suitable 
modelling technique for this purpose. A brief analysis of the theoretical NSI model is 
provided in Section 4.3. This analysis serves as a basis for the understanding of the logics 
of the relationships between the NSI variables within the theoretical NSI model. It will be 
beneficial for the validation of the NSI model when assumed logics are tested against 
statistical findings in the later sections of 10.3 and 10.4. The complete theoretical NSI 
model is presented in Section 4.4. 
4.2 SELECTION OF A SUITABLE MODELLING TECHNIQUE   
This study intends to investigate the application of the NSI in stimulating contractors to 
innovate within the structure of a country. The NSI’s portrayal of a system suggests the 
application of the general systems theory (GST) as now discussed. 
4.2.1 General Systems Theory 
The NSI’s portrayal as a system implies the possible application of the General Systems 
Theory (GST). The application of the GST to the NSI is appropriate as it is necessary to 
understand not only the isolated parts and processes of the system towards improving a 
contractor’s level of investment in innovation, but also to understand the essential 
problems of organising relations between actors whose behaviour may differ when 
studied in isolation from the whole. The GST will enable the identification of patterns of 
systems behaviour that are useful in fulfilling this study’s objectives of recommending 
business strategies and national policies that stimulate construction innovation within a 
country.   
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GST’s sub-disciplines can be broadly characterised into two sections: those that 
incorporate feedback behaviours within their systems analysis; and those that do not 
(Figure 4.1). Examples of the latter that are relevant to this study are Game Theory and 








Figure 4.1. Selection process of a suitable modelling technique 
Game Theory strategies typically state a hypothetical situation that usually involves 
a few business firms that are dominating a field and which wish to improve on their 
competitive strategies. In the case of this study, it would be strategies towards higher 
profits or consumer satisfaction through innovation. On the other hand, input-output 
analysis equates supply to demand where supply or sectoral output must equal to final 
demand plus intermediate demand. In the case of this study, it implies that the level of 
construction innovation output is determined by the market’s total demand for it.   
However, these methodologies contribute towards the formulation of innovation 
strategies that do not provide feedbacks that enable the learning and modelling of the 
interactions within the NSI. Hence, this study should adopt a methodology under the GST 
that incorporates feedback behaviour within its systems analysis.  
Generally, there are two schools of GST that incorporate feedback behaviours: 
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thermostats that are self-regulated while systems thinking provides the useful technique 
of mapping the interactions of variables within a defined structure. Hence, by concluding 
whether the NSI is a self-regulated system, an appropriate choice of GST feedback 
technique can be selected. These two techniques are discussed in Sections 4.2.1.1 and 
4.2.1.2.  
4.2.1.1 Cybernetics 
The central notion of cybernetics is that of feedback. However, the nature of this feedback 
is rather special. It is such that the performance of a system may be corrected and guided 
by information about its own performance (Bertalanffy, 1956). The simplest illustration 
of such feedback is the thermostat, a device where its present performance or correcting 
action of a particular situation is governed by the decision it has made in the past 
(Lilienfeld, 1975). Norbert Wiener, who first established cybernetics as a discipline, 
believes that the concept of cybernetic control through feedbacks might emerge as a 
model of how governments could operate, or at least how they might legitimise their 
operations (Wiener, 1964). However, this self-regulating effect is not anticipated in the 
NSI as first, it would imply the maintenance of an optimised equilibrium state. However, 
it is questionable if an optimised state of innovation exists for nations that are 
continuously seeking to surpass each other’s competitive edge.  
Second, the construction industry has been criticised for its low level of innovation 
(Section 2.7). Although the general components of the NSI, such as governments, 
linkages of national institutions and common national innovation infrastructure, have 
been active within each country, there has not been a perpetual growth of innovation by 
commercial enterprises in construction. Hence, it is doubtful that a self-regulated system 
is present in any nation. Furthermore within an NSI, drivers of innovation are required to 
stimulate an actor of the system to innovate or engage in a supporting role that enables the 
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system to cultivate an environment suitable for innovation to be undertaken by the actor 
(Section 2.5). Hence, cybernetics is not suitable as one of the methodologies to be 
adopted by this study.   
4.2.1.2 Systems Thinking 
Senge and Fulmer (1993) define systems thinking as a discipline for seeing the “big 
picture”. It is the act or process of studying a system that leads to a better understanding 
of the patterns in interrelationships (Quade and Miser, 1985). It helps to define a system’s 
purpose and discover how it works through unfolding the patterns that lie behind the 
events and details. By helping individuals to see patterns, the world can be simplified and 
some understandings of the probable evolution of the future can be provided, creating the 
ability to reinforce or change these patterns (Senge and Fulmer, 1993). Systems thinking 
has been used widely since it was first developed in the late 1950s to apply control theory 
to the analysis of industrial systems (Turek 1995). One of the most powerful features of 
dynamic systems modelling lies in its capability to provide an analytic solution for 
complex and nonlinear systems (Kwak 1995). Forrester (1968) and Senge (1992) 
acknowledge that by constructing a formal model, the mental image of the system is 
clearly exposed. 
However, as soon as the model is so precisely stated, one is usually asked how one 
knows that the model is “right”. Complexity is simplified and this capacity for 
simplification poses a dilemma. It can improve the ability of participants to focus on the 
key issues but may encourage participants to think more simply than the real world can 
tolerate (Senge and Fulmer, 1993). Hence, Forrester (1968, p.3-4) notes that,  
‘A controversy often develops over whether or not reality is exactly as presented 
in the model. But such questions miss the first purpose of a model that is to be 
clear and to provide concrete statements that can be easily communicated… There 
is nothing in either the physical or social sciences about which we have perfect 
information. We can never prove that any model is an exact representation of 
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“reality”. Conversely, among those things of which we are aware, there is nothing 
of which we know absolutely nothing… [Hence] the validity and usefulness of 
dynamic models should be judged, not against an imaginary perfection, but with 
the clarity of structure and comparing this clarity with the incompleteness and 
confusion of mental and descriptive models that we would otherwise use.’  
Similarly, Richardson and Pugh (1981, p. 312-313) observe that,  
‘A model's utility and effectiveness depends... on the degree to which the model 
communicates, helps to generate insights, enhances understanding, and in general, 
reaches and influences its audience.’  
 
Hence, a model’s effectiveness is not purely dependent on its ability to justify the 
variables used in formulating the model in question.  
Sterman (1994) observes that there are many schools of systems thinking, some 
emphasize qualitative methods, others formal modelling. Systems modelling encourages 
the use of both kinds of data, from measurable information such as sales figures and 
costs to harder to quantify information such as moral and consumer attitudes. In systems 
modelling, neither kind of data is better, both are important  (Anderson and Johnson, 
1997). Dynamic systems models are therefore, either quantitative or qualitative (Park et 
al., 2004). Cameron and Quinn (1999) argue that it is impossible to include every 
relevant factor in diagnosing and assessing a system due to the complex, interrelated, 
comprehensive, and ambiguous set of factors. Formalization that requires all factors 
included in the model to be based upon proven statistical causation, forces the modeller 
to omit important aspects of the problem to preserve tractability and enable theorems to 
be proved, or to omit soft variables for which no numerical data exist (Dror, 1971; 
Majone, 1977; Tribe, 1972). Hall and Eagen (1956) thus observe that for practical 
usefulness, it should be borne in mind that it is by no means necessary to provide 
accurate models of observed phenomena. Therefore, this suggests that an appreciation of 
the inter-play between a theoretical and an empirical approach to systems analysis is 
essential for the understanding of the validity of a systems model.  
 122
When modelling, the modeller applies the notion of objective rationality as a 
yardstick (Morecroft, 1985). This yardstick raises questions of why some information is 
available in a decision function and others are not, why delay and distortion occur in the 
transmission and interpretation of information, and why bias is present. In this study, the 
responses from interviews help establish such yardsticks (Chapter 9). 
In construction, various authors have applied systems thinking in their work. These 
modellers believe that systems models are at least potentially better representations than 
any others that might be used as a basis for social decisions. Similarly, this study adopts 
the systems thinking techniques to examine the socio-economic aspects of the NSI of the 
construction industry. 
This study recognises that to apply the NSI, there is a need for a structure or model 
that depicts the flow of information and the relationship between the NSI actors in order 
to understand the optimum application of the system in any country or industry (Section 
2.10). Hence, systems thinking is an appropriate tool to articulate and frame issues 
regarding the interactions within the NSI due to its feedback structure. By highlighting 
the behaviour pattern of each NSI actor, appropriate business and national strategies can 
be formulated. Although, an advantage of a stimulation system is the possibility of testing 
new policies empirically, its limitation lies in the focus of quantifiable variables that may 
distort this ability to model real world conditions. In addition, a qualitative model can be 
more appropriate when there is a high level of uncertainty and doubt about the values of 
the model parameters (Coyle 2000) as in the case of this study. Therefore, in this study, 
the qualitative modelling approach is used for the formulation of the theoretical NSI 
model while the key NSI factors that are considered in the final NSI model will be 
selected through appropriate statistical tools. The selection of statistical tools is presented 
later in Section 5.4. 
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Table 4.1 presents the typical denotations used in causal loop diagramming of 
systems thinking. At the foundation of this approach are positive and negative feedbacks. 
Positive feedback is represented by a reinforcing loop that is structured by none or an 
even number of negative links while negative feedback is represented by a balancing loop 
that is structured by an odd number of negative links. Positive feedback creates 
reinforcing behaviour and negative feedback moderates a system towards an equilibrium 
position. The identification of positive and negative feedback structures in economic and 
management systems is key to modelling and gaining insights into the developments of 
innovations (Sterman 2000). 





All else equal, if X increases (decreases), then Y increases 
(decreases) above (below) what it would have been. 




All else equal, if X increases (decreases), then Y decreases 
(increases) below (above) what it would have been. 
In the case of accumulations, X subtracts from Y. 
Source: Sterman (2000) 
4.3 FORMATION OF CAUSAL LOOPS FROM LITERATURE REVIEW 
In Section 4.2, there was consideration of the rationales in utilising systems theory for the 
development of this study’s NSI model and has explained the systems techniques. In this 
study, reinforcing loops are denoted by “r#”, while balancing loops are denoted by “b#”. 
The sign “#” represents the causal loop’s identification number. To differentiate the 
theoretical causal loop (TCL) from the final causal loop (FCL), as the latter is only 
established after statistical validation, reinforcing loops and balancing loops of the FCL 
are denoted by capital letters of R and B respectively:  “R#”, “B#”.  
 124
 To help readers to understand the logics developed for each causal loop, a table 
encompassing short summaries of each attribute, discussed in the next sections, and its 
relation to innovation is drawn is presented in Table 4.2.  
Table 4.2: Overview of key attributes and their relationships with innovation 
Logic Key Attributes Relationships with Innovation 
1 Profit incentives 
as a driver of 
innovation 
Schumpeter (1934) and Porter and Linde (1995) note that firms 
are essentially seeking rents by establishing new products or 
applying a new production process. Seaden et al. (2003) note that 
there is a significant relationship between profitability and 
business innovation. Nonetheless, it has been observed that in 
construction, profit margins are often so low that they provide 
inadequate incentives for firms to innovate (Laredo and Mustar, 
2001). Hence, there is a need to understand the influence of 
profit as a driver of innovation within the NSI. This study thus 
develops a causal link under logic 1 indicating this relationship. 
2 Consumer’s 
Satisfaction as a 
driver of 
innovation 
Ozaki (2003) and Dillion et al. (2005) observe the importance of 
“company–customer interface”, where a better and deeper 
understanding of customers’ requirements can drive sustained 
increase in enterprise value. Power (2000) confirms the 
significance of this link between consumers’ satisfaction and 
consumers’ loyalty to the construction industry. This study thus 
structures the notion that customer satisfaction is determined by 
the ‘comparison between expectations and performance 
(‘SERVQUAL’ model, Parasuraman et al., 1985, 1988) into a 
causal link for the NSI. 
3 Innovation Risks Caloghirou et al. (2004) observe that the incentives for firms to 
engage in research are uncertain, risky and expensive. Ivory 
(2005) notes that although construction projects are made up of a 
collective group of stakeholders, key stakeholders such as the 
client are often concerned with budgets and completion times 
and is are likely to shrink from innovation. Hence, they should 
not be routinely expected to take on the risks and costs associated 
with innovation. Therefore, the burden of innovation risks often 
falls on the contractors who are the party in direct control of the 
construction process and quality. Hence, a causal loop depicting 
local contactors’ threshold of risk and its relationship with 
construction innovation should be developed. 
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4 Industrial Cluster The OECD (1992) notes that research, whether conducted by the 
industry or by public institutions, is becoming increasingly 
interlinked with other parts of the national and international 
scientific system. Hence, the formation of cross industry strategic 
alliances is seen as a powerful combination to promote 
innovation (Kangari and Miyatake, 1997; Langford and 
Dimitrijeric, 2002; Yusuf, 2003). A successful example is the 
strategic alliance between Shimizu Corporation and Mitsubishi 
Heavy Industries that developed the world’s first automated 
intelligent system (SMART) for high-rise building construction. 
Therefore, there is a need to emphasise a formal structure of 
cooperative networks from which contractors could harness the 
potential of collaboration. This notion is thus structured into a 
causal loop for this study.  




local contractors  
Fellows (1993) and Chiang et al. (2001) observe that foreign 
contractors from many countries are increasingly drawn to Asia, 
leading to intense competition between foreign and local 
contractors. The OECD (1999) notes that more competitive 
markets and the accelerating pace of scientific and technological 
change would thus force firms to innovate more rapidly. For the 
host country, Ofori and Chan (2001) observe that foreign 
construction firms are welcome due to the benefits that local 
firms are able to gain from learning opportunities such as through 
technology transfer. For instance, Italy, a net importer of 
technology, has been enjoying high rates of technological 
progress through benefiting from scientific research carried out 
in other countries by imports either in the form of patents or 
embodied in capital goods (OECD, 1992b). This strategy is also 
not new to countries such as Singapore, Hong Kong and 
Malaysia that have for the past decades leveraged on FDI by 
multinational corporations for their economic growth (Mahmood 
and Singh, 2003). This study thus develops a causal loop to 
include an open economy and the influence of globalisation on 
innovation.  
7 Export of 
construction 
services by host 
country 
Langford and Male (2001) observe that contractors, faced with 
increased market saturation in their home markets, look towards 
globalisation to provide alternatives to maintain or boost their 
profits while improving their portfolio and technological 
expertise. Hamalainen and Schienstock (2001) also note that 
highly specialised resources and knowledge cannot always be 
found in the innovating organisation’s home, Hence, there is a 
need to search in other locations in the same region, country or 
even further a field. However, OECD (1999) notes that 
internationalisation of R&D may reduce the concentration of 
R&D by domestic firms at home. Hence, this may dismantle 
some of the home country’s innovative capacity. These suggest 
that a further investigation of the impact of export of construction 
services on innovation may be required. Hence, this study 
structures the above notions into a causal loop. 
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Porter (1990) and Herbig and Day (1992) observe that the 
composition of consumers’ demand shapes how firms perceive, 
interpret and respond to buyers’ needs. Demand only drives 
innovation when it is recognised that value starts with the buyers 
and an adoption of an innovation will occur only when the 
innovation benefits the consumer (Simmons, 1985). However, 
Dulaimi et al. (2002a) note that the contractors’ top challenge in 
innovation is client focus on lowest price at the tender stage. 
Hence, with price as the only consideration in the basket of 
goods for construction, it is important to reflect how such focus 
on price would impact innovation. This study thus develops a 
causal loop to reflect the influence of client’s demands on 
construction innovation.  
10 & 11 Local contractors’ 
innovation risk 







Kangari and Miyatake (1997) observe that large construction 
firms in Japan have begun to collaborate with high-technological 
and manufacturing firms in cooperative technology development 
due to increasing international competition, rising costs of 
technology development and the need to leverage scarce and 
technical talent. In addition, there are many successful examples 
of technological collaborations between private enterprises due 
to their advanced capabilities from joint work, reduced risk 
burdens and shared financial costs. Such examples are discussed 
on Page 80. Hence, the influence of local contractors’ 
technological collaboration with related and supporting industries 
should be analysed and structured in a causal loop.  
12 & 13 Local contractors’ 
innovation risk 






“National institutions” are mechanisms, such as governments, 
higher educational institutes and national research institutes 
where fundamental research is carried out and new technologies 
are developed and transferred (Freeman, 1989 and Nelson, 
1993). Okamoto (1998) observes that national institutions carry 
out fundamental research that faces much higher risks and calls 
for huge investments as compared with applied research and 
development. In addition, the results themselves usually do not 
have any commercial value. Hence, Caloghirou et al. (2004) 
notes that private enterprises’ cooperation with national 
institutions allows the society to break free from the long 
recognised market failure in R&D and restores the incentives for 
firms to engage in research that is uncertain, risky and expensive. 
Pages 82 and 83 present discussions of successful examples of 
local contractors’ technological collaboration with national 
institutions. These notions are thus developed in a causal loop to 
analyse the influence of technological cooperation between local 
contractors and national institutions within the NSI and its 
impact on construction innovation.  
 
4.3.1  Logic 1: Profit incentives as a driver of innovation 
Logics 1 and 2 (Table 4.3) present the two drivers of innovation, profit motivation and 
consumers’ demands, which shape the centrifugal force that propels innovation in the 
NSI. In Logic 1, local contractors’ level of innovation, (A), is driven by their motivation 
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to lower construction cost, (D). This logic is supported by the profit maximisation theory 
of firms (Section 3.5.1) as depicted by the causal link (A→B→C→D→E→F). With 
higher profits (E), resulting from their returns in R&D investments, local contractors will 
once again channel funds to strategies that enable them to maintain their competitive edge 
(F). Hence, in turn, an increase in local contractors’ profit (E) will lead to a higher level 




Table 4.3. Formation of causal loops from literature review for the drivers of construction innovation in the NSI - Logic 1 & 2  








An innovation may lead to increased profits. 




Theory from Section 3.4.3.1 has further supported this 
causal loop. 
 















































The discrepancy between consumer desires and actual 
level of construction productivity and quality creates a 
pressure in the economy to increase the level of 
satisfaction of consumers (Section 3.5.2). 
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However, increases in contractors’ level of innovation (A) may involve innovation 
cost (G), which may in turn increase construction cost (D). For the profit level to increase 
(E), there is a need to transfer the increase in construction costs (D) to clients/consumers. 
Hence, for the innovation to be an attractive application in projects, the returns from 
higher construction productivity and quality (H) should exceed the increase in innovation 
costs (D). This is in line with Harper’s (1964) notion that profit (H less D) is a powerful 
incentive to continuous R&D (Section 3.5.1).  
Harper’s notion is depicted by the causal link (EJFJA) in r1. r1 (Table 4.3), 
portrayed by (AJBJCJDJEJFJA) is a reinforcing loop that presents “profit” as a 
driver of innovation that provides a continuous growth in local contractors’ level of 
innovation. However, r1 is dependent on the impact of cost depicted by r2 
(AJGJDJEJFJA). In turn, the nature of r2 is dependent on the level of contractors’ 
profits. With a turnover greater than construction cost, r2 will present a momentum of 
growth in contractors’ level of innovation. However, when turnover is equal or less than 
construction cost, it presents a balancing loop where the level of contractors’ level of 
innovation will remain at equilibrium. This implies that the consumers’ willingness to pay 
for the innovation is important. Contractors need to provide innovation in consumers’ 
terms (Ozaki, 2003) (Section 3.5.2).    
4.3.2 Logic 2: Consumers’ satisfaction 
It is discussed in Section 3.5.2 that the satisfaction of consumers’ demands as a possible 
driver of innovation within the NSI. Logic 2 (Table 4.3) represents this concept. When 
the levels of innovation by contractors (C) or overall performance of the construction 
industry is poor (F), the value adds of building products to consumers (D), will be 
minimal. Hence, this implies a low level of construction productivity and quality (E). The 
disparity between the level of consumers’ demands (A), and the actual level of 
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construction productivity and quality (E), will present the pressure on the construction 
firms to meet the satisfaction of consumers (B), and national institutions to improve the 
performance of the construction industry (F). Hence, (A-E)=B where B will determine F. 
This means that a low level of construction productivity and quality, (E), would induce 
both local contractors (C) and national institutions (G) to innovate to satisfy consumers’ 
needs (A), to maintain business and national competitiveness (F) respectively.  
With an increase in both firms’ level of innovation (C), and national institutions’ 
investments in innovation (G), there will be an increase in social or technological 
advancements (E), which will in turn improve the level of construction productivity and 
quality (C or GJDJE). The improvement in the level of productivity and quality 
brought about by construction innovation will ultimately lead to an increase in 
consumers’ satisfaction as the efficiencies achieved through innovation within firms in 
pursuit of profits are passed to the end users. This will lower the pressure on contractors 
to satisfy consumers (B). Sterman (2000) hence observes that Adam Smith has 
particularly portrayed free markets as creating powerful negative feedback loops that 
cause prices and profits to be self-regulating. This is similar to the characteristics of TCL 
b1 and b2 which are balancing causal loops in this study’s theoretical NSI model.  
The two drivers of profit maximisation and consumers’ satisfaction with the 
constructed product and services (Sections 4.3.1 and 4.3.2) may be influenced by 
legislation in the country. However, as a country’s laws and regulations vary from 
country to country depending on the structure, economy and policy of the country, it is 
beyond the scope of this study to analyse all its possible influences. 
4.3.3 Logic 3: Innovation risks 
Larsen and Ballal (2005) define risk as potential resource lost. Hence, as displayed by 
Logic 3 (Table 4.4), the more important an innovation’s success is to the local contractor, 
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the higher the perceived innovation risk (CJA). This in turn, may lower local 
contractors’ confidence and hence his level of investment in innovation (AJB). Local 
contractors will thus, abandon, reduce or increase the level of innovation (B) depending 
on their threshold of risk (D). With a low threshold of risk, they will abandon the 
investment [(D-C) < A]. Nonetheless, if they have a high threshold of risk [(D-C) > A], 
they will have a high involvement in the innovation to reap maximum benefits. Therefore, 
local contactors’ threshold of risk may determine their level of innovation investment. 
 
Table 4.4. Formation of causal loop from literature review  
depicting the logics of innovation risks - Logic 3 
 
This logic is also identified by Reichstein et al.’s (2005) analysis which indicates 
that low levels of innovative behaviour in construction can lead some firms in the sector 
to attach less importance to the factors that hamper innovation. They suggest that one of 
the reasons for this may be that construction firms have become risk averse. This is partly 
because of experience in dealing with the factors identified by Nam and Tatum (1988) 
and the hindrance of innovation as discussed in this study (Section 2.7). However, results 
and lessons learned and accessed by contractors from previous innovation projects are 
able to reduce their perception of innovation risks (EJA). Hence, authors (such as 
Coleman et al., 1966; Tichy et al., 1979; Rogers and Kincaid, 1981; Larsen and Ballal, 









Construction firms usually do not 
innovate because the expected rate 
of return may not commensurate 
with the risks of the investment 
(Section 2.3.2). 
 
The contractor will inject capital to 
innovate only if he can define the 
production process and ensure 
continuity of standardized designs 
and methods (Burrows and 


































2005) observe that consequently firms will be inclined to seek advice from experienced 
innovators. 
4.3.4 Logic 4: Industrial Cluster 
The literature review (Section 3.4.1) has proposed that an industrial cluster may be able to 
provide a continuous improvement to the R&D capabilities of local contractors. Logic 4 
(Table 4.5) portrays this concept. A higher R&D capability attracts related and supporting 
firms as they align their compatibility with contractors’ innovations (AJB). Hence, this 
cultivates collaborative readiness among the parties (BJC) that will once again facilitate 
the formation of innovation clusters (CJDJE) that further enhance firms’ research 
capabilities (EJA). With such a reinforcing behaviour, the higher the number of clusters 
formed, the higher the contactors’ research capabilities are developed. Since TCL r4 
provides continuous growth to local contractors’ R&D capabilities, it follows the notion 
suggested by authors such as Gann (2000) and Seaden (1996) that clusters are 
increasingly a strategic consideration not only for construction firms to cultivate and 
maintain their competitive edge but all parties within the value chain. 
 
Table 4.5. Formation of causal loop from literature review depicting the                    
logics of cluster networks of firms - Logic 4 
  
Logic NSI Factor Theory derive from literature 
review 








Higher the technological 
cooperation, higher the R&D 





Theories from Sections 3.4.1.3 
and 3.4.2.3 have further 






























4.3.5 Logic 5 and 6: Technological transfers from foreign contractors to local 
contractors 
 
The literature review (Sections 3.4.1.1 and 3.4.1.2) has discussed the increasing trend of a 
globalised construction market and the role of foreign contractors as a transferor of new 
technology in host countries. In regards to the latter, this study congregates the notions by 
authors such as Movenzadeh and Hagopian (1984), Meyer-Krahmer (2001), Mahmood 
and Singh (2003) (Section 3.4.1.1) to establish that there are two possible approaches for 
local contractors to utilise new knowledge received from foreign contractors (Table 4.6). 
First, local contactors can merely imitate foreign contactors’ technologies to have a direct 
increase in their level of construction productivity and quality (Table 4.6, Logic 5, b5, 
AJDJFJGJHJA). Second, local contractors can utilise the new knowledge gained 
from technological transfers from foreign contractors to increase their R&D capabilities 
(Table 4.6, Logic 6, b6, AJBJCJDJEJFJGJHJA). b6 differs from b5 in terms of 
the process preceding local contractors’ improvement in productivity and quality (D). In 
b5, improvements in local contractors’ productivity and quality (D), is due merely to the 
imitation of technology. However, in b6, improvements in local contractors’ productivity 
and quality (D), is due to an increase in social/technological advancements (C) of local 
contractors as knowledge gained from technology transfers are used for developing local 
contactors’ R&D capability (AJBJCJD). However, both b5 and b6 will reduce the 
construction costs of local contractors (E), hence allowing these firms to gain back their 








Table 4.6. Formation of causal loop from literature review depicting the logics of imports 






b5 and b6 are characterised as balancing loops. This implies that local contractors’ 
gains in market share are not sustainable. As discussed in this study’s literature review 
(Section 3.4.1.1), countries, especially developing ones, often act as intelligent imitators 
of technologies (OECD, 1992b). However, this strategy of imitation does not place 
countries at the cutting edge of technology and therefore does not guarantee that the 
economy will continue to grow at the initial pace when imitation of technology takes 
place. This is because b5 and b6 reveal that when local contractors’ productivity and 
quality (D) improve, opportunities for international construction firms in the host country 
(H) may be reduced (DJEJFJGJH). As a counteractive strategy, international 
construction companies can therefore either withhold their potential contributions to the 
improvements of the construction industries of host countries by resisting the transfers of 
technology (Abott, 1985; Carillo, 1994), or consider improvements in host country 










Inward FDI in 
construction  
 
Inward FDI provides a flow of new technology that enables imitation of 
technology by host countries, which in turn enables higher rates of technological 




From Section 3.4.1.2:  
Inward FDI creates a competitive environment that “pushes” local contractors to 
improve their R&D capabilities.   
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construction as inevitable, and develop appropriate operating strategies (Cockburn, 1970). 
The appropriate response will be influenced by the firm’s perception of host countries’ 
economic prospects and the ability of the foreign contractors to maintain an edge over 
their host country counterparts (Ofori, 1996) (Section 3.4.1.2).  
4.3.6 Logic 7: Export of services by host country 
The literature review (Section 3.4.1.1) has suggested that since specialised resources and 
knowledge may have to be sought outside firms’ home countries (Hamalainen and 
Schienstock, 2001), the competitiveness of firms depends more and more on their ability 
to link to international innovation networks (OECD, 1999). Hence, outward FDI is an 
important consideration for local contractors to not only boost their profit but also their 
capabilities. Logic 7 (Table 4.7) depicts that local contractors’ export of services to 
regional construction market (A) is a probable avenue to stimulate an increase in the level 
of innovation by local contractors. With an increase in R&D capabilities (AJB), local 
contractors’ productivity and quality may increase (BJCJD). This may in turn increase 
local contractors’ profit (DJEJF). Once again, this may lead to surplus funds for 
reinvestment in innovations (FJ GJA). This is a reinforcing loop which suggests that 
exports of services can be a motivating force for contractors to innovate as they try to 










Table 4.7. Formation of causal loop from literature review depicting the logics of export 






4.3.7 Logics 8 and 9: Influence of clients’ demand on construction innovation 
It has been assumed by most authors (such as Ho, 1987; Raftery et al., 1998; Langford 
and Male, 2001) that it is relatively easy for foreign contractors to infiltrate host countries 
due to their higher cost efficiencies and quality products, superior to that of the local 
contractors. This suggests that construction productivity and quality of contactors directly 
affect the demand for their services, and thus their market share. 
The interlocking nature of r8 and b9 in Logic 8 and 9 respectively (Table 4.8) 
shows that the dominance of either feedback r8, which structures the client’s demand for 
quality over cost or, b9, which structures the client’s demand for cost over quality, 
depends on the client’s emphasis on quality or cost (K). For example, in present 
construction practice, clients give preference to low cost (J) over quality (E) (Section 2.6). 
This will allow feedback b9 to dominate over r8. In such circumstances, cost 
competitiveness of local contractors decreases (CJIJJ) although the level of quality may 








Export of services increases the R&D capabilities of local contractors.  
Export of services increases profit levels of local contractors.(Section 3.4.1.1) 
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be higher due to the implementation of technological advances (CJDJE). Given that 
clients’ preferences are cost (J) over quality (E), local contractors will lose their market 
share (JJFJG). This will result in local contractors’ dependence on foreign contractors’ 
transfer of technology to reduce cost (HJAJ BJC).  
 
Table 4.8. Formation of causal loop from literature review depicting the logics of the    
influence of clients’ demand on construction innovation – Logic 8 & 9 















Pure imitation of technologies from foreign contractors will lead to stagnant or 
declining growth. 
 
r8: AJBJCJDJEJ FJ GJ HJA 
 (Demand Influence) KN 
 
Higher management and technological capabilities of foreign contractors reduce
market share of local contractors. However, this is determined by the quality, size
and volatility of the construction demand in host country (Section 3.4.3.2). 
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On the other hand, if clients’ demand for quality increases, feedback r8 will 
dominate over b9. In this feedback, when local contractors’ level of investment in 
innovation increases (C), the level of social/technological advancements will increase 
(CJD). This will lead to an improvement in local contractors’ level of productivity and 
quality (DJE). As clients has a higher emphasis on quality rather then on construction 
cost, an increase in local contractors’ productivity and quality will lead to an increase in 
the demand for local contractors (EJFJG). Therefore, local contractors’ dependence on 
foreign technology will decrease due to two reasons (HJAJB). First, an increase in 
local contractors’ level of construction productivity and quality allows them to reap the 
entire profit margins rather than shared, increasing investment funds for innovation. 
Second, as local contractors are engaged in their innovations to improve construction 
productivity and quality, foreign technologies are not imitated but used as a benchmark. 
Therefore, to maintain their competitive edge, local contractors’ investment in innovation 
will be maintained or further improved. Hence, local contractors’ level of investment in 
innovation is dependent on whether client’s demand is dominated by quality or cost. 
4.3.8 Logic 10 and 11: Local contactors’ innovation risk and cost reduction 
through technological collaboration with related and supporting 
industries 
 
From this study’s literature review (Section 3.4.1.3), it is observed that in construction, 
collaborations between organizations to improve their technological capability and to 
develop their core competence are important technological strategies. This view is also 
observed by Meyer-Krahmer (2001) (Section 3.4.1.1) and supported by logic 4 (Section 
4.3.4) on the importance of the formation of industrial clusters. Authors such as Kangari 
and Miyatake (1997) and Langford and Dimitrijevic, (2002) (Section 3.4.1.3) have also 
noted that technological cooperation is able to reduce both innovation risks and costs. The 
logics for such are presented in Table 4.9 and discussed below. 
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Table 4.9. Formation of causal loops from literature review depicting the logics of contractors’ technological cooperation with related and supporting 
industries – Logics 10 & 11 
 


























Higher the technological cooperation, higher 
the development of R&D capabilities of local 
contractors (Section 3.4.1.3). 
 
Technological cooperation reduces innovation 
risks 
 










Technological cooperation improves the R&D 
capabilities of contractors which may in turn 
increases their profit generation capacities.  
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Logic 10 (Table 4.9) portrays the TCL of risk reduction in construction innovation 
through local contractors’ technological cooperation with related and supporting 
industries. The constant rising of R&D capability of local contractors (C) due to 
technological cooperation with related and supporting industries (AJBJC) may improve 
contractors’ productivity and quality (CJDJE). This in turn reduces the consumers’ 
pressure on contractors to innovate due to their higher level of satisfaction and thus, 
reduces the importance of the innovation’s success (EJ FJ GJ H). Hence, this may 
lead to contractors perceiving innovation risks to be low (HJ I). 
Likewise for logic 11 (Table 4.9), an increase in technological cooperation between 
local contractors and related and supporting firms will lead to the increase in R&D 
capability of local contractors (AJBJC). This will increase the social/technological 
advancements that improves local contractors’ construction productivity and quality that 
will in turn reduce local contractors’ construction costs (CJDJEJF). As this is 
structured as a reinforcing loop, cost efficiencies will improve local contractors’ profit 
that will once again encourage further technological cooperation with related and 
supporting industries (FJ GJ HJ A). 
Both causal loops are reinforcing feedbacks, the positive effects from technological 
cooperation within industrial clusters will permeate the entire NSI. Therefore, these 
causal loops oppose the view of Schibany and Polt (2001) who observe that collaborative 
agreements are only widely used as a mechanism for knowledge sharing and exchange 
while competition among firms is commonly regarded as the driving force behind 
innovation. Instead, they assume the notion by the OECD’s (1999) that competition 
provides incentives to innovate, but networking and collaboration at local, national and 
international levels are often necessary to build the capabilities to do so. Through the 
validation of this model, a conclusion on this issue may be made at the end of this study. 
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Based on the literature review, this study takes the initial stand that clusters of innovative 
firms and other private and public knowledge-based organisations may be the emerging 
drivers of growth and employment. 
4.3.9 Logic 12 and 13: Local contactors’ innovation risk and cost reduction 
through technological collaboration with national institutions 
 
Logics 12 and 13 (Table 4.10) are similar to logics 10 and 11 (Table 4.9) respectively 
except that in logics 12 and 13 the consideration is on local contractors’ technological 
cooperation with national institutions while logics 10 and 11’s consideration is on local 
contractors’ technological cooperation with related and supporting industries. Table 4.11 
presents the logics of the NSI factors with regards to the NSI critical element of the 
“common innovation infrastructure”. In particular, discussion is focused on the 
interacting effects of the logics reviewed so far. 
  
142
Table 4.10. Formation of causal loops from literature review depicting the logics of contractors’ technological cooperation with national institutions           
– Logics 12 & 13 
Logic NSI Factor Theory derive from literature review Theoretical Causal Loop 




Government financed basic research makes 
important contributions to industrial growth 
and competitiveness (Section 3.4.2.1). 
See the interaction effect of b2 with r5, r4 and r7 in the complete theoretical NSI model (Figure 4.2). 
As “consumers’ satisfaction” is a driver of innovation within the NSI (Section 3.5.2), it has wide
interrelating effects with most of the NSI variables. Either increasing or decreasing them that


























National research institutions’ technological 
cooperation with contractors reduces 
innovation risk (Section 3.4.2.2). 
 









National research institutions’ technological 
cooperation with contractors increases 
contractors’ profit generating capabilities.  
 





























 R&D capability of 
local construction 
firms 
Higher R&D capabilities increase the 
competitive advantage of contractors. 
From the complete theoretical model of the NSI: 
See interaction effect of r4 and r3 through the process of cooperation with related and supporting 
industries (r10 and r11) and national institutions (r12 and r13). 



















































































Table 4.11. Formation of causal loops from literature review depicting the logics of NSI factors                                                            
under the critical element of the common innovation infrastructure  










R&D leads to construction productivity 
improvements and better constructed products that 
will meet far better the individual needs of society 
in general and construction clients in particular. 
 
Low productivity and quality is a push factor for 
contractors to engage in R&D.  
 
 
See effect of logic of 2 in the complete theoretical model of the 




See effect of logic of 1 in the complete theoretical model of the 







High construction demand indicates a growth of 
the industry in terms of knowledge and 
technological advances. 
 
Volatile construction demand reduces the level of 
investment in construction R&D.  
 
 
See effect of logic of 8 in the complete theoretical model of the 








A high volume of excess funds is required for 
contractors to invest in R&D. 
 
Sufficient expected profit is required for 
investments in R&D to take place.  
 
 
See combined logic of Logic 1, 6, 8 and 10 in the complete 
theoretical model of the NSI (Figure 4.2). 
 
As “profit” is a driver of innovation within the NSI (Section 
3.5.1), it has wide interrelating effects with most of the NSI 
variables. Either increasing or decreasing them that ultimately 
impacts upon local contactor’s level of innovation. 
 
4.4 THEORETICAL MODEL OF THE NSI 
A complete theoretical model of the NSI that encompasses all TCLs in Table 4.2   
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Figure 4.2. Theoretical model of the NSI 
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4.5 CHAPTER SUMMARY: SUMMARY OF THE FEEDBACKS OF 
THEORETICAL NSI MODEL 
 
This chapter has concluded that systems thinking is a suitable tool, under the GST, for the 
modelling of the NSI for this study. Table 4.12 summarises the impact of each TCL in the 
theoretical NSI model, on the level of innovation, by the categories of NSI actors, and the 
influence of the drivers of innovation. It can be observed that under theoretical 
assumptions, past works have emphasized that profit motivation of contractors is a 
stronger driver of innovation than consumers’ satisfaction. However literature reviews do 
not examine in detail how the inherent power of profit can be utilised to stimulate 
innovation, and how consumers’ demands can be exploited to increase innovation 
especially in the context of construction where its products and process are unique. 
Hence, this study would first, validate the theoretical assumptions undertaken by this 
study and second, discuss in detail the possible strategies for exploiting the innate power 










Table 4.12. Summary of feedbacks within the theoretical NSI model 
Drivers of Innovation 
 
Profit Driven Driven by Consumers’ Demands 





Export of construction services  
Cultivation of industrial cluster 
through collaboration with R&S 





Technological Cooperation with 
national institutions reduces 
innovation risk. 
Technological Cooperation with 









Technological cooperation with 
R&S firms reduces innovation 
cost. 
Cultivation of industrial cluster  
r10 Technological cooperation with 






Increased R&D capability through 
transfer of foreign technology 
Increased R&D though 
competitive pressure for a share of 





Local contractors’ innovative 
competitive strategy due to clients’ 











Technological cooperation with 
national institutions reduces 
innovation cost. 
National institutions’ investment in 
innovation increases R&D 
capability of local contractors 
r3 National institutions’ investment in 
innovation reduces perception of 
innovation risks 
 Drivers of Innovation 
 Profit Driven Driven by Consumers’ Demands 
Anticipated Barriers to Growth in Construction Innovation on Local Contractors 
Local 
Contractors 
b3 Perception of Innovation Risk b1 
 
Local contractors’ investment in 
innovation dependent on constant 






Cooperation is a barrier towards 








r8 Imitation of foreign technology  b5 
 
Consumers’ demands may result in 
pick and mix strategy towards 
construction innovation rather than 
strategic technological 
advancements 
Clients b9 Local contractors’ low cost 
competitive strategy due to clients’ 











b2 National institutions’ investment in 
innovation depends on constant 
reviews of consumers’ demands 
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CHAPTER 5: DESIGN OF RESEARCH 
 
5.1 INTRODUCTION 
From the discussion of the theoretical model of the NSI in Chapter 4, this study proceeds 
to identify the research design most suitable to investigate the validity of this theoretical 
NSI model. Section 5.2 provides a brief outline on the selection process of suitable 
statistical techniques for the purpose of this study’s research design. Section 5.3 provides 
the rationale for the choice of techniques introduced in Section 5.2 and the selection 
decision.  
From the selected techniques, Section 5.4 develops the research design for the 
validation of this study’s systems model while Section 5.5 discusses the statistical 
validation of this study’s empirical models. Section 5.6 presents a discussion on the 
interview design of this study. 
5.2 SELECTION PROCESS OF RESEARCH METHODS 
Figure 5.1 portrays the selection plan for an appropriate research design for this study’s 
investigation of the role of NSI in promoting construction innovation by contractors. The 
selection of a suitable research design for this study is based on three initial conditions: 
Systems View of the NSI; Contractor’s Decision to Innovate; and the Relationship 
between the NSI factors and contractors’ level of construction innovation. The first 
condition has been satisfied in Section 4.2.1.2, through the conclusion of the use of 
systems thinking as the most suitable modelling technique for this study’s NSI. The last 
two conditions will determine this study’s validation strategy. Processes for selecting a 



































Figure 5.1. Selection process of appropriate research techniques for the study of the National Systems of Innovation in the context of construction 
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to Innovate 
System View of the        
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Established in Section 4.2 
Interviews 
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To investigate the NSI factors that stimulate contractors to innovate, there is a need 
to consider the role of contractor’s decision-making process when adopting or investing 
in a particular innovation see Criteria 2 on Figure 5.1. In decision science, two decision-
making tools, Mathematical Theory of Communications and Option Pricing Theory, 
which differs in terms of their consideration of feedbacks are analysed (Figure 5.1). The 
selection of a suitable decision making technique will be based on their contribution to 
the feedback analysis required for the portrayal of a “system” of the NSI (Criteria 1 of 
Figure 5.1). Hence, aligning the decision science tool to the GST technique of systems 
thinking (Section 4.2.1.2).  
Next, this study investigates the statistical requirement for the validation of the NSI 
model through analysing the relationship between the NSI factors and contractors’ level 
of construction innovation (see Criteria 3 on Figure 5.1). The results of such would set the 
third initial condition, the linearity of the relationship that determines the type of 
statistical technique best suited to validate the relationships within the NSI.  
The logics developed in Section 4.3 encompass some non-measurable NSI 
variables. Although these NSI variables are only secondary variables that facilitate the 
understanding of the flow of logics, to justify the use of these non-measurable NSI 
variables that could not be statistically validated, an interview approach is undertaken by 
this study. This, together with the statistical validation under the three established initial 
conditions would provide a confident qualitative and empirical justification of the validity 
of the model. 
5.3 RESEARCH DESIGN FOR SYSTEMS MODEL FORMATION 
As discussed in Section 5.2 and depicted in Figure 5.1, the research design for the 
formation of the NSI model is dependent on one of the initial conditions, “contractor’s 
decision to innovate”. This study adopts “decision science” to select an appropriate 
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technique based on this criterion to validate this study’s NSI model. Chapter 4 has 
provided the justification for the application of systems thinking under the GST for the 
modelling of this study’s NSI model. Hence, this study focuses on the selection of a 
suitable decision science technique that aligns with the systems thinking technique.  
5.3.1 Decision Science 
Hackett and Luffrum (1999) explain that business decision analysis combines the 
scientific method and the tools of quantitative analysis to: define business problems; 
assess the criteria for listing acceptable solutions to these problems; investigate the 
resources and limitations which constrain the decision marker’s choices between the 
different solutions; and choose the best possible solution to the problem. This section 
discusses two classes of business decision theories that may be applicable in this study: 
Option Pricing Theory and Mathematical Theory of Communication. 
5.3.1.1 Option Pricing Theory 
Option pricing theory may encompass other decision techniques such as game theories 
and decision trees. Generally, an option in the business sense is defined as an opportunity 
to generate patterns of return for a portfolio not available with other instruments (Farrell, 
1997). Due to the variety of applications of option pricing theories, this study attempts to 
explain the possible application of option pricing theory in this study’s context with an 
example.  
Take for example, a construction firm seeking to improve its level of construction 
quality and productivity through technological advancements, it may either invest directly 
in R&D or engage in research joint ventures or collaboration with an appropriate party. 
However, under this study’s assumption of profit maximisation by firms, the company 
will prefer to have full control of the activity. Everything else being constant, it will 
choose to engage in research collaboration only if the specific technology option is 
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otherwise unattainable or less favourable than direct-investment by itself. Hence, research 
collaboration should be viewed as a reasonably priced call-option to investment by itself 
in the technology in question by the construction firm. The cost of participating in the 
research collaboration is then the price of the option. Construction firms should use this 
option price as a basis to strategise their level of investment in innovation and the type 
and scale of technological advances that would suit their scope of production.   
Although this method does emulate the decision behaviour of contractors, it is 
limited to the “micro-world” of the contractor. It is inappropriate for this study as firstly, 
the result of a contractor’s decision is not feed-backed to its future decisions. Secondly, 
effects of external influence such as construction demand, ease of flow of knowledge and 
information in communication channels or network, which may also affect the success 
rate of innovations, are not considered. Thus, this method does not take into consideration 
the interaction effects between the contractor and the national innovation structure of the 
NSI.  
5.3.1.2 Mathematical Theory of Communication 
Shannon and Weaver (1971) define “communication” in a broad sense to include all 
procedures by which one mind may affect another. Hence, “communication” involves not 
only written and oral speech, but also all human behaviour. This study hence, defines 
“communication” as the procedure by which one’s behaviour affects another’s.   
Bertanlanffy (1956) observes two central concepts of the theory of communication. 
First, the general notion in communication theory is information. Information is measured 
in terms of decisions. For instance, to find out an object by having answered questions 
about it by “yes” or “no”, the amount of information conveyed in one answer is a decision 
between two alternatives. Hence, with two questions, there are four possible alternatives. 
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With three questions, it is a decision out of eight and so forth. Hence, the logarithm of the 
possible answers can be used as a measure of information.   
The second central notion of communication theory is that of feedback. Boulding 
(1956) observes that the feedback process of communication establishes learning as 
knowledge grows by the receipt of meaningful information. Hence in the real world, 
when information feedback is received, learning from past decisions occurs. New 
information is utilised to revise the understanding of the world by making new decisions 
that alter the real world and to bring the state of the system closer to one’s goals 
(Sterman, 1994). This feedback characteristic of the mathematical theory of 
communication is important to the dynamic model structure of systems thinking that this 
study intends to adopt (Figure 4.1). Mathematical theory of communication is thus a 
better methodology than the option pricing theory in complementing the other research 
methodologies that this study utilises.   
Two important characteristics of the mathematical theory of communication, which 
contribute theoretically to the validation process of this study are: the feedbacks which 
are characteristic in communication studies; and the logarithmic representation of the 
flow of information. The former aligns well with the selected systems thinking technique 
while the latter contributes to the statistical validation of the NSI model now discussed.   
5.4 RESEARCH DESIGN FOR SYSTEMS MODEL VALIDATION 
Coyle (1977) refers to model validation as the process by which sufficient confidence is 
established in a model for one to be prepared to use it for some particular purpose. Thus, 
the only true test of a model validity, which is theoretically possible, is to observe the 
actual system at a suitable time after the change to make sure that behaviour has been 
improved. This test is in practice very difficult for this study to apply because it involves 
the disentanglement of the effects of policy changes from all the other things that have 
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happened to the system. Therefore, true validation is impossible. As discussed in Section 
4.2.1.2, Richardson and Pugh (1981), and Senge and Fulmer (1993) observe that there 
are no models that are absolutely valid or completely invalid. Validation of models 
should be viewed in the perspective that models are built for a purpose, or to answer 
questions, and validation only has meaning in relation to whether the model meets its 
purposes. This suggests that models should be viewed in relation to a particular purpose. 
A model, which is good for one purpose, may be so poor as to be misleading for another. 
Many authors have applied systems modelling to innovation in general; they 
include Nelson (1999) and Gardner (1995). In the construction field, systems modelling 
has also been applied by Pena-Mora and Park (2001), Lyneis et al. (2001) and Ogunlana 
et al. (2003). In regards to systems modelling in construction innovation, Intrachooto 
(2002) provides an investigation on innovation practices in construction through systems 
dynamics. 
These studies utilise different validation methodologies for their systems model. 
Love et al. (1999) and Intrachooto (2002) justify causal relationships through literature 
reviews and case studies while Nelson (1999) and Shapira (2004) utilise simulation and 
Pena-Mora and Park (2001) and Ogunlana et al.(2003) through sensitivity analysis. The 
use of simulation and sensitivity analyses to validate systems modelling is due to the 
quantitative application of systems dynamics for model structures. In quantitative 
systems dynamics, stocks and flows are used to model the flow of work and resources 
(see Pena-Mora and Park, 2001; Ogunlana et al, 2003). Thus, the analysis of any given 
problem or system is by simulating model structures that contain quantitative values and 
definable model parameters. Validation of such quantifiable models is through the 
testing of the soundness of a model structure by disturbing the model in equilibrium and 
comparing its behaviour with an identified reference mode to check whether or not it 
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produces the same behavior (Lee et al., 2005). Forrester and Senge (1980) suggest three 
types of tests of systems dynamics models: structural similarity to the actual system; 
reasonable behavior over a wide range of input values; and behavior similarity to actual 
systems. 
This study employs the use of qualitative systems modelling under the theory of 
systems thinking where validation of such nature is inappropriate. Coyle (1977) observes 
that there are a number of ways to justify causal links qualitatively, such as direct 
observation, reliance on accepted theory, hypothesis or assumption and statistical 
evidence. This study developed its causal relationships through literature support 
(Section 4.3) and employed both statistical evidence and interviews to validate their 
logics.  
In the construction field, Love et al. (2000) draw on interviews with a number of 
practicing architects and engineers to test their model validity. Through such interviews, 
Love et al. (2000) establish that the factors used in the model are considered 
representative of practice and therefore adequate for the purposes of modelling.  
Statistical validation applied by this study has also been employed by studies such 
as Park et al. (2004), Lim and Ofori (2005) and Lim et al. (2005), where casual 
relationships are statistically assessed through techniques such as correlation analysis. 

























Figure 5.2. Methodology for determining and validating TCL of theoretical NSI model 
 
 
Following the methodology in Figure 5.2, logics and theories are first identified 
from the literature review. These theoretical concepts of construction innovation and the 
NSI are developed into a conceptual qualitative NSI model. The causal relationships in 
the theoretical NSI model are established by CCR while the logics of this model are 
tested with statistical results from backward regression and Pearson Correlation. If both 
statistical results and theoretical concepts of the conceptual NSI model are aligned, the 
subject causal loop is validated and accepted as one of the feedback loops in the final NSI 
model. However, if the statistical results and theoretical concepts are not aligned, the 
study questions whether there is a methodological reason for the discrepancy. If this is so, 
the theoretical causal loop is accepted and the statistical result refuted. If there is no 
methodological reason for the discrepancy, then the theoretical causal loop is refuted and 
the study abides by the statistical result.  
This validation process is further supported by interviews of various construction 
parties. The interviews also serve as a means of validation for the other non-measurable 
NSI variables, which link the key NSI factors, but are not analysed quantitatively as they 
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5.4.1 First stage: Non-Linear Statistical Technique 
The appropriate statistical analysis for this study has to satisfy two conditions. First, plots 
of raw data on actual local contractors’ level of investment in innovation against each NSI 
factor (see Appendix A) presented non-linear relationships between the dependent and 
independent variable. Second, it is observed in this study that systems thinking infers 
causal relationships. Hence, the appropriate statistical analysis for this study would be a 
non-linear statistical technique that is able to provide causal relations between the 
variables. 
Various non-linear statistical techniques are available. To ease the complexity of the 
application of statistical techniques to systems thinking, this study examines three 
common non-linear statistical techniques that are widely used and understood. They are, 
chi-square distribution, time-series and regression. Chi-square distribution draws 
conclusions about the variability in the population. It is statistically incapable of dealing 
with multi-variable analysis, which is required in this study. Hence, it is not considered as 
a statistical method appropriate for this study. 
Time-series is essentially a technique that aids the planning of future needs or 
predicts the future through forecasting. It allows the application of multi-variable 
analysis. Its basic assumption is that the factors that have influenced patterns of activity in 
the past and present will continue to do so in more or less the same manner in the future. 
Thus, the major goals of time series analysis are to identify and isolate these influencing 
factors for predictive purposes (Berenson and Levine, 1996). Although, through causal 
forecasting methods, time series are able to prove causal relations between the dependent 
and the independent variables, time series does not provide detailed analysis of the 
strength of associations between the dependent and independent variables and within the 
independent variables themselves. In addition, the decomposition of a time series into the 
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components of “trend”, “cyclical”, “seasonal” and “irregular” complicates the analysis 
and application of systems thinking (Hackett and Luffrum, 1999). Hence, time series is 
not considered appropriate for this study.  
A regression model is a mathematical equation that describes the relationship 
between two or more variables (Mann, 1995). Hence, it allows multivariate modelling. 
Regression also provides analysis of the strength of associations between the dependent 
and independent variables. Hence for this study, regression is able to identify the 
significant NSI variables that contribute to the local contractors’ level of investment in 
innovation. This is important for this study because it ensures that only NSI variables that 
have significant influence on local contractors’ level of investment in innovation are 
considered in the systems modelling.  
In addition, regression can be complemented with correlation analysis to investigate 
the direction and significance of relationships between the NSI variables and the local 
contractors’ level of investment in innovation and within the NSI variables themselves. 
These are important information for the formation of link polarity (described in Section 
4.2.1.2, Table 4.1). However, regression does not imply causation. Nonetheless, this 
difficulty can be overcome by additional statistical analysis and proper research design as 
discussed in the later sections of Sections 5.4.2 and 5.4.3.   
5.4.1.1 Stepwise Regression and Logarithmic Transformation 
To transform a linear model to a non-linear one, functional transformation has to be 
applied. There are various functional transformations available. Examples are logarithmic 
transformation, Box-Cox transformation, Gauss-Newton iteration method, Levenberg-
Marquardt algorithm and RANSAC, an abbreviation for "RANdom SAmple Consensus” 
(Birkes and Dodge, 1993; Tan, 2004b). Logarithmic transformation is chosen over the 
others due to its ease of transforming linear parameters of dependent and independent 
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variables into non-linear. Raw data are simply transformed into log-linear data to depict 
non-linear relationships. It has the advantages that all data information that is available 
are utilised. Hence, the information utilised is exact, not asymptotic, and thus works well 
for small data sets (Birkes and Dodge, 1993). In addition, it is also aligned to the selected 
decision science technique of the mathematical theory of communication (Section 
5.3.1.2). Therefore in this study, natural logs are taken for all variables, in the equation of 
the form: 
Y = αx1β1 x2β2... xnβnε                   (Equation 5.1) 
This equation form is applied in Section 8.4 to formulate the mathematical model 
equations representative of local contractors’ level of investment in innovation.  
Stepwise regression is chosen over the conventional enter method of regression. 
This is because in regression, multicollinearity has to be satisfied before carrying out the 
analysis. Therefore, when two or more independent variables are highly correlated with 
one other, one or more of the independent variables must be removed. However, as all 
factors of the NSI are hypothesized to have an equal influence on the dependent variable, 
there is no firm theoretical basis to remove any one independent variable over another. 
Hence, it will be more appropriate for this study to utilise stepwise regression where 
independent variables are removed based on statistical criteria. This study thus selects an 
appropriate stepwise technique in the next section. 
5.4.1.2 Comparison of Stepwise Techniques 
There are three main methods of stepwise regression: stepwise, forward and backward. 
However, all three procedures have been criticised as being based on purely automatic 
procedures that may not take into account an investigator’s special knowledge. Thus, 
small statistical differences between independent variables’ predictive ability towards the 
dependent variable can result in large differences in the selection of the predictors to be 
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fitted in the final prediction model (Frees, 1996 and Bernstein et al., 1988). Tabachnick 
and Fidell (1989) observe that stepwise regression is useful if the aim of the researcher is 
to develop an estimation equation and the sample from which the equation is drawn is 
large and representative. Hence, it is appropriate to use stepwise regression in this study. 
This is because the estimated values of construction innovations from these equations 
would be useful for the validation of the empirical equations through comparisons with 
actual historical data. In addition, samples in this study are considered large (n > 30) in 
the statistical sense.   
In forward and stepwise regression, variables with the highest validity are entered 
into the model one at a time provided they meet the statistical criteria. In forward 
regression, once an independent variable is selected to be in the model it stays in. 
Therefore, once selected, the independent variable will have priority over the others. In 
stepwise regression, any independent variable that has already been selected to be in the 
model may be subjected to deletion at anytime if it no longer significantly contributes to 
the estimation of the dependent variable. Hence, in forward and stepwise regression, all 
variables are not fairly considered as a system of interrelating factors but are segregated 
based on statistical criteria. Therefore, they do not sufficiently consider all independent 
variables on equivalent basis or take into account the “joint effect of independent 
variables” (Frees, 1996, p. 256) that is required in the analysis of the workings of a 
system of interrelating factors. 
On the other hand, in backward regression, all variables that make up a system of 
innovation are considered in the regression model at the first instance and only NSI 
variables that do not significantly estimate the dependent variable are removed. Although, 
backward regression has the disadvantage that independent variables once removed are 
not considered anymore, it considers the joint effects of independent variables which is 
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important in the analysis of a NSI. Therefore, backward regression may be a better 
statistical tool for this study’s investigation of the workings of a NSI as compared to 
stepwise and forward regression.   
To provide a higher confidence in the selection of an appropriate statistical 
methodology, this study intends to compare the results of stepwise and the selected 
backward regression method for all samples in this study to select the most suitable 
regression technique. As this study’s objective is to utilise the results of key NSI factors 
in the development of a model of the NSI that stimulate construction innovation in 
Singapore, the selection of an appropriate regression technique will thus be based on two 
criteria. First, the regression method that provides a model with a higher number of 
relationships between the dependent and independent variables will be chosen, as this will 
enable the investigation of the interrelating effects of the NSI variables within the 
national system. Second, the regression technique that provides a higher adjusted R-
squared value, which explains a higher percentage of the variance for the subject sample, 
will be a better choice. Thus, the regression technique that provides a better estimation 
model for the purpose of this study will be chosen. Results of this selection are presented 
in Section 8.2. 
5.4.2 Second stage: Causal Comparative Research - The relationship between 
causation and correlation 
 
Implying causation only from correlation analysis itself is a logical fallacy by which two 
events that occur together are claimed to be cause and effect (Fischer, 1970). The flaw is 
in the structure of the argument as opposed to an error in its premises. The causal 
relationship may actually exist, but using the inference principles of the argument, the 
argument is invalid because the conclusion does not follow from the premises. Hence, to 
imply causation from correlation analysis such as regression, there is a need to improve 
on the structure of argument of its generic statistical methodology (Walton, 1989).  
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Tan (2004b) observes that correlation and regression by themselves do not imply 
causation, only when a causal mechanism is specified do they imply causality. Similarly 
Wuensch (2005) argues that correlation is a necessary but not a sufficient condition to 
make causal inferences with reasonable confidence. To make such inferences one must 
gather the data by experimental means, controlling extraneous variables that might 
confound the results. Hence, Spirtes et al. (1993) and Pearl (2000) observe that the widely 
accepted standard for causation is randomized experiment. For example, taking two 
randomised selected groups of elements and subjecting only one group to a treatment. 
When the result indicates that the two groups show different behaviour, it can be implied 
that the difference is due to the effect of treatment. Hence, causation can be assumed.  
However, in this study it is impossible to apply treatment effects (experimental 
research design) on groups of countries. This is because there are no two countries that 
are exactly alike in terms of their size of economy or political agendas. Furthermore, 
operation of treatments in such studies would entail the implementation of policy 
changes, which are beyond the capabilities of this study. Hence, to imply causality, this 
study will employ the causal-comparative research (CCR) approach (see Chapter 7). CCR 
seeks to explain the differences between two or more groups that have occurred. It is 
causal in that it attempts to explain the phenomena, and is comparative because it 
contrasts the characteristics of one group with those of another (Tan, 2004b).  
In addition, Spirtes et al. (1993) and Pearl (2000) observe that for non-experimental 
data, causal direction can be hinted if information about time is available. This is because 
causes must precede their effects temporally. The addition of time as a variable, though 
not proving causality, is a big help in supporting a pre-existing theory of causal direction. 
This is because the degree of confidence in the direction and nature of causality is much 
clearer with a longitudinal epidemiologic study than a cross-sectional one. They further 
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observe that simple regression models are able to support this notion. Hence, the research 
design of combining causal comparative research with regression analysis is well suited 
for this study as yearly national data for each of the selected countries are collected.  
Therefore, this study regresses local contractors’ level of investment in construction 
innovation against the NSI factors to highlight the significant NSI factors that contributes 
to local contractors’ investment in construction innovation. CCR is then applied to 
explain the differences in local contractors’ level of investment in construction innovation 
due to the effects of the NSI factors. The CCR design is developed in Chapter 7. 
5.4.3 Third stage: Pearson Correlation - Is causation adequate? The utilisation of 
correlation   
 
Experiments in causal attribution show that people tend to assume each effect has a single 
cause and often cease their search for explanations when a sufficient cause is found 
(Sterman, 1994). This may be because people can only generally detect linear, positive 
correlations given enough trials if the outcome feedback is accurate enough. However, 
they have great difficulty in the presence of random error, non-linearity, and negative 
correlations, often never discovering the true relationship (Brehmer, 1980). Similarly, 
Bertalanffy (1956) observes that the only goal of science appeared to be the analytical, 
which is, the splitting-up of reality into smaller units that leads to the isolation of 
individual causal trains. Hence, implying that causality is essentially one-way.  
However, the multiple feedbacks in complex systems cause many variables to be 
correlated with one another, confounding the task of judging cause (Sterman, 1994). 
Hence, the notion and thoughts in terms of systems of elements in “mutual interaction”, 
“wholeness”, “holistic”, “organismic”, “gestalt” and so forth have proved one-way 
causality to be insufficient (Bertalanffy, 1956). Hence, to complement the causal analysis, 
Pearson Correlation analysis is also applied in this study. Pearson Correlation measures 
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the strength of the linear relationship between two variables. The sign of correlation 
coefficient provides the direction of relationship. Positive coefficient signifies that an 
increase in variable A will lead to an increase in variable B. Negative coefficient signifies 
that an increase in variable A will lead to a decrease in variable B. This is representative 
of the concept of link-polarity developed by Sterman (2000) and employed in this study 
(see Table 4.1) 
Hence, Pearson Correlation can be utilised by this study to investigate the positive 
and negative correlation values that determine the direction and degree of association 
between the independent variables of the NSI. This will give a holistic exploration of the 
dynamic relations between all variables in this study. The specific procedure of the 
application of Pearson Correlation analysis is further detailed in Sections 10.3 and 10.4. 
5.5 RESEARCH DESIGN FOR VALIDATION OF EMPIRICAL MODELS 
 
From the regression analysis discussed in Section 5.4.1, empirical models that are able to 
provide an estimate of the level of construction innovation by local contractors in a 
particular year would also be developed. The purpose of these models is to serve as a 
foundation for the validation of significant NSI variables in relation to the “level of 
construction innovation by contractors”. Hence, the key role of the empirical models is 
not for the prediction of the level of construction innovation by the identified NSI factors 
of this study, but the investigation of the validity of the NSI variables considered.  
Diagnostic tests are conducted for the validation of empirical models. Three tests of 
measures of accuracy are employed: Percentage error; Mean percentage error; and Mean 
absolute percentage error. To provide further confidence in the results of the measures of 
accuracy, paired t-test is conducted to verify the consistency of the model predictions. 
The detailed procedures of these tests are further discussed in Section 8.5. 
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5.6 RESEARCH DESIGN FOR INTERVIEWS 
The theoretical NSI model (Section 4.4, Figure 4.2) developed from literature review 
encompasses some non-measurable NSI variables that could not be statistically validated. 
Although these non-measurable NSI only facilitate the understanding of the flow of logics 
without any effect on the relationships within the NSI, this study had adopted an 
interview approach to verify this. Since these interviews are conducted in Singapore, such 
verification would also enable the localisation of the NSI model to the context of 
Singapore, hence, fulfilling the objectives of this study (Section 1.4). 
In-depth interviews were undertaken in this study to obtain qualitative support for 
the logics of the TCLs developed from the literature review. A disadvantage of such 
interviews is the lack of a systematic method to interpret the data and difficulties in 
quantifying the data (Tan, 2002). However, this will not be a limitation in this study as 
the results of the interviews were not quantified but analysed qualitatively. 
5.6.1 Structure of interview 
A continuum exists for the types of interviews, ranging from the unstructured to the 
structured. For qualitative research, unstructured and semi-structured interviews are 
generally utilised (Daymon and Holloway, 2002). 
Structured interviews are useful for quantitative research. They comprise a clearly 
specified set of research questions to be investigated (Bryman, 2004). Therefore, this 
approach is able to maximise the reliability and validity of the measurement of key 
concepts. However, in such an approach, interviewees must fit their experiences and 
feelings into the researcher’s categories. Hence, by limiting the respondent’s choices, this 
approach may be perceived as impersonal, and mechanistic, and may distort what 
interviewees really mean or experience (Patton, 2002). Since the purpose of this study’s 
interviews is to provide qualitative insights into the current practices of construction 
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practitioners, these limitations depict structured interviews to be inappropriate for this 
study.  
In unstructured interviews, there are no predetermined questions except for a 
general question within the broad area of the selected study at the beginning. This allows 
the interviewer to relate to the interviewees’ thought processes and gives the interviewees 
the flexibility and freedom to discuss their area of interest within the selected scope of 
study. Therefore, interviewees are free to answer at length so that great depth and detailed 
information can be obtained (Lancaster, 2005). This is important in this study, as it would 
provide an in-depth analysis of the experience of a respondent and allow the researcher to 
link this to the flow of logics in this study’s systems model. 
Nonetheless, during the interview, if there are no proper guiding questions posed at 
the right time, unstructured interviews may not lead to the outcome that satisfies the 
purpose of the interview. Therefore, unstructured interviews usually have the highest 
amount of material that is of no particular use for the study or the “dross rate” (Daymon 
and Holloway, 2002).  
In semi-structured interviews, an interview guide is developed, with a focus on the 
issues or topic areas to be covered and the lines of inquiry to be followed (see for 
example, Appendix B). The sequencing of questions may not be the same for every 
participant as it depends on the process of each interview and the responses of each 
individual (Lancaster, 2005). The interview guide however, ensures that similar 
information are collected from all interviewees. In this way, the dross rate will be lower 
than for unstructured interviews (Daymon and Holloway, 2002). The interview guide 
allows questions to be developed prior to interviewing, and depending on the flow of the 
discussion during the interview, the issues to pursue. However, as some of the questions 
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are pre-planned, semi-structured interviews tend to direct interviewees’ responses, 
limiting further exploration of the issue in question by the interviewee.  
For this study, the objectives of the interviews are to first validate the logics of the 
causal loops and second, gather additional information regarding the feedbacks within the 
NSI. Hence, an interview guide would be useful in this study to ensure that comparable 
information from all interviewees satisfy the validation procedure of the causal loops. 
This is important for this study, as innovation is an extensive topic. Hence, an interview 
method that is able to lower the dross rate would be preferable. This study thus, utilised 
semi-structured interviews that were carefully drafted to ensure guided yet flexible 
responses.      
5.6.2 Selection of Interviewees 
The selected interviewees were based on this study’s NSI actors of (Section 2.5): Local 
Contactors, Clients, National Research Institutions, and Foreign Contractors. 
The NSI actor of Related and Supporting Firms was not considered for interviews. 
As discussed in Section 1.8, related and supporting industries encompass companies that 
offer services or products, which involve technologies that can be transferred and adopted 
in construction under collaboration with construction companies. Since the dispersion of 
not only the firms but the industries themselves can range from the production of simple 
metal fittings to deep tunnelling excavators or from a small quantity surveying firm to a 
multinational financing corporation, it is beyond the ability of this study to attempt to 
conduct an in depth qualitative analysis of Related and Supporting Firms that is 
representative of this actor in the construction industry.  
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Samples of interviewees of this study were stratified into five categories: local 
contractors, foreign contractors, private clients, public clients and national institutions. 
The lists of interviewees are presented in Appendix C, D, E and F. 
5.6.2.1 Local contractors 
Authors such as Schumpeter (1943), Betts and Ofori (1992), Brouwer and Kleinknecht 
(1996) observe that firm size affects the level of innovation within a firm (Section 2.7). 
Hence, to account for the varying sizes of local contractors, this study’s sample of local 
contractors was segmented into three stratums: small contractors, medium contractors and 
large contractors. In Singapore the sizes of the contractors were distributed according to 
the BCA’s registration requirements for construction workheads (see Appendix G). 
Contractors’ sizes are determined by their financial capabilities, management and 
development capabilities, which include the implementation of ISO standards, the number 
of professionals employed, and the company’s track record. This study hence categorised 
contractors’ size according to their registration grade as presented in Table 5.1. 
Table 5.1: Categorisation of size of construction firms 
Size Grade Number of Companies Sample selection and size 
Large A1 41 
 A2 30 
  Total 71 
Snowball sampling 
Sample size: minimum 3 or till 
saturation of data occurs 
Medium B1 75 
 B2 523 
  Total 598 
Convenience sampling 
Sample size: minimum 3 or till 
saturation of data occurs 
Small C1 294 
 C2 1268 
 C3 2332 
  Total 3894 
Convenience sampling 
Sample size: minimum 3 or till 
saturation of data occurs 
Source for number and distribution of construction firms: BCA directory of registered 
contractors (Building and Construction Authority, 2005). 
 
The population of the sample of “local contractors” comprised all local contractors 
in Singapore. However, as it is not mandatory for contractors to be registered, such a list 
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cannot be obtained. Likewise, the BCA’s list of registered contractors is not a suitable 
record for this study’s sample frame of local contractors as it also includes foreign 
contractors. Since a sample frame was unavailable, non-probability sampling was used. 
Small and medium sized contractors were selected through non-probability, 
convenience sampling. Convenience sampling was used because first, the large sample 
size of small and medium contractors (see Table 5.1) made the understanding of each 
contractor’s stage of development and business strategies difficult. Hence, it would be 
difficult to engage in purposive sampling. Second, as the nature of questions required top 
management personnel with a clear understanding of the firm’s business strategies and 
vision, personal contacts had to be utilised to obtain a scheduled appointment with each 
interviewee.  
Schumpeter (1943), Betts and Ofori (1992), Brouwer and Kleinknecht (1996) 
suggest that large firms are more likely to engage in innovation (Section 2.7). Hence, this 
study adopted purposive sampling for the large construction firms. Small and medium 
contractors selected for interviews for this study were asked to name local large 
contractors that were known to be innovating or using new construction products or 
processes. Through such snowball sampling method, a list of large local contractors 
which were known to be innovating in the local construction industry could be compiled 
(see Appendix E). Hence, this would allow sampling on the basis of interviewing persons 
who are relevant to the research question.   
5.6.2.2 Foreign contractors and Private clients 
The population frame of “foreign contractors” comprised all foreign contractors in 
Singapore. However, as discussed in Section 5.6.2.1, such a list was not available. Hence, 
there is no sampling frame for foreign contractors. Non-probability sampling was used to 
compile the sample of foreign contractors. 
  169
The population frame of “private clients” comprised all private clients in Singapore. 
However, small and/or one-off private owners who initiate construction projects were 
excluded, as such projects are usually too small, with a relatively simple construction 
process that do not involve novel construction methods. Hence, this study concentrated on 
private developers as appropriate sample elements. The Real Estate Developers’ 
Association of Singapore (REDAS) publishes a list of its members. However, there was 
inadequate information on the percentage of total developers who are members of 
REDAS. Hence, this study cannot assume that the member list from REDAS is a good 
approximation of the total number of developers in Singapore. Since there was no 
available list of developers in Singapore, this study adopted non-probability sampling for 
private clients.   
In order to gather a detailed understanding of the strategic objectives and future 
plans of the organisations, it requires the participation of the top management in this 
study’s field interviews. Hence, for reasons similar to that of the small and medium 
contractors, personal contacts were utilised to obtain a scheduled appointment with each 
respondent which otherwise would be difficult to obtain. Convenience sampling was thus 
used for selection of foreign contractors and private clients.  
5.6.2.3 Public clients and National Institutions 
Due to the small number of public clients and national institutions related to the 
construction industry in Singapore, this study compiled a list for each (see Appendices F 
and G respectively). In an attempt to establish a good correspondence between the 
interview questions and sampling, purposive sampling was utilised. Organisations that 
were known to be leading the local industry in innovation or were likely to adopt new 
construction products and processes were first selected. For instance, the HDB was 
selected for its research in prefabrication technology and the Defence Science and 
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Technology Agency for its superior demand for advanced material science and 
technology. Second, organisations that were representative of the industry in general such 
as the BCA and the subject actor in particular such as the Singapore Contractors 
Association Limited (SCAL) were selected.  
5.6.3 Sample size of interviewees 
Although there are no rigid rules or guidelines for the sample size of interviewees, 
Daymon and Holloway (2002) observe that generally qualitative sampling consists of 
small sampling units studied in depth. Hence, small sample sizes and purposive sampling 
generally characterise the research methodology of interviews. Morse (2004b) and 
Warren (2002) note that as a rule of thumb, the broader the scope of a qualitative study 
and the more comparisons between groups in the sample will be required, the more 
interviews will have to be carried out.  
Warren (2000) states that for a study based on qualitative interviews to be published 
in journals, the minimum number of interviews required seems to be between 20 to 30. 
This suggests that although there is an emphasis on the importance of sampling 
purposively in qualitative research, minimum levels of acceptability operate. However, 
Bryman (2004) notes that there are almost certainly exceptions to Warren’s (2000) rule. 
For instance, Gerson and Horowitz (2002, p. 223) observe that ‘fewer than 60 interviews 
cannot support convincing conclusions and more than 150 produce too much material to 
analyse effectively and expeditiously.’  
The varying minimum level of the required number of interviews between Warren’s 
(2000) 20 to 30 and Gerson and Horowitz’s (2002) 60 does suggest how difficult it can be 
to try to specify minimum sample sizes for interviews. It appears that the size of a sample 
that is able to support convincing conclusions is likely to vary somewhat from situation to 
situation in theoretical sampling terms. Hence, Daymon and Holloway (2002) observe 
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that the appropriate number of interviewees chosen for research will depend on the type 
of research question, the type of qualitative approach used in the study, material and time 
resources as well as the number of researchers involved in the study. Therefore, smaller 
samples are acceptable as long as “saturation” occurs: this is when no new data emerge 
that is important for the study (Daymon and Holloway, 2002; Bryman, 2004). 
Taking into consideration the resources and time available for the researcher to 
conduct in-depth one to one personal interviews and transcribing of each interview, this 
study established the minimum number of interviewees for each group or stratum of the 
sample to be three. If data saturation has not been reached within the sample size of three, 
more interviewees would be sought till saturation has been reached. The groups and 
stratums of interviewees (Section 5.6.2) are as shown in Table 5.2.   
Table 5.2. Minimum number of interviewees for each selected NSI actors 
Group Stratum  Minimum number of interviewees 
Local Contractors Small  3  
 Medium 3  
 Large 3  
 Total number of interviewees for “Local Contractors” 9 
Foreign Contractors Total number of interviewees for “Foreign Contractors” 3 
Clients Public 3  
 Private 3  
 Total number of interviewees for “Clients” 6 
National Institutions Total number of interviewees for “National Institutions” 3 
 Grand Total of Minimum number of Interviewees 21 
 
 
The minimum number of interviewees in this study is 21 (see Table 5.2). This is 
aligned with Kuzel’s (1999) observation that research textbooks generally recommend 12 
to 20 data units when the sample consists of a heterogeneous group and also Warren’s 
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(2000) observation that a minimum of 20 interviewees are required for a paper to be 
published. 
5.6.4 Procedure and setting of interviews 
For the purpose of interviews, 28 potential interviewees were contacted and only 21 
agreed to participate. The two reasons for declining participation were due to 
interviewees’ unwillingness to share their business strategies and their feeling that their 
companies do not engage in innovation. The interviews took place in the interviewees’ 
business premises. Each interview lasted between 30 minutes and 2 hours.   
At the start of each interview, general questions such as the scope of work and the 
current development status of the company were asked, to put the interviewee at ease, and 
to enable the interviewer to understand better, the point of view of the interviewee in his 
responses. Next, the objective and a brief explanation of the structure of the interview 
were explained. This was to ensure that all interviewees understand the perspective of this 
study and align their frame of mind and experience to it.  
Each interviewee was requested to allow the interview to be recorded. Recorded 
interviews help to correct the natural limitation of the researcher’s memories and her 
intuitive interpretation. However, it may cause interviewees to be self-conscious or 
nervous about what they say or “picking the right words” to use. Nonetheless, a recorded 
interview allows a more thorough analysis of what people say through repeated 
examination, to pay attention to the language, emphasis and tone of speech that will 
provide a clearer understanding of each respondent’s reaction to a particular question.    
All but six interviews were recorded. Four interviewees declined the request for the 
discussion to be recorded, two interviewees were not requested for a recorded interview 
as the recorder was malfunctioning just before the interview started. For interviews that 
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were not recorded, detailed notes were taken. Results of the interviews are presented in 
Section 9.2. 
5.7 CHAPTER SUMMARY 
Figure 5.3 provides a summary of the selected research methods for this study based on 
the initial conditions for the study of the NSI in the context of construction. The first 
initial condition of the “Systems View of the National Systems of Innovation” has been 
satisfied in Section 4.2.1.2. Systems thinking has been selected for the satisfaction of this 
condition. This is because it is able to configure interrelating firms, institutions and 
innovation drivers together into an integrated structure that determines the level of 
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For the second initial criteria, to infer contractors’ decision-making process in the 
NSI, the mathematical theory of communication emphasises the importance of feedback 
and the use of logarithmic representation for the modelling of the flow of information 
within a value chain. Hence, from Decision Science, the mathematical theory of 
communication is selected to satisfy the second initial condition of “contractors’ decision 
to innovate”. 
For the third initial condition “Relationship between the NSI factors and 
contractors’ level of construction innovation”, the conclusion of the non-linear 
relationships between contractors’ level of innovation and the key NSI variables offers 
the proliferation of a three-step validation process of the NSI model. The selected 
statistical techniques are: 
1. Regression Analysis, using logarithm as a non-linear transformation to deduce the 
significant NSI variables that correlate with the contractors’ level of innovation; 
2. Causal Comparative Research for inferring causal relationships between the 
significant NSI variables and contractors’ level of innovation; and  
3. Pearson Correlation analysis to determine the significance and direction of 
relationships between each NSI variables and contractors’ level of innovation and 
within the NSI variables themselves. 
To further support the logics in this study’s NSI model, interviews would be 
conducted to seek qualitative validation from construction practitioners. This is also to 
ensure that this study’s NSI model reflects the current practices of the construction 
industry. In-depth interviews were conducted with 21 construction practitioners in 
Singapore who were senior personnel of: Local Contactors, categorised according to their 
firm size; Foreign Contractors; Private Clients; Public Clients; and National Institutions. 
Specific interview guides were designed for each group to aid the interview process.  The 
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selection of interviews for construction firms and clients was based on convenience 
sampling. However, a comparison with non-innovative organizations would have 
provided a stronger contrast of key elements. Nonetheless, such “convenient bias” is 
reasonable for this study to assess the innovation drivers and contractors’ processes to 























CHAPTER 6: METHODS OF DATA COLLECTION 
 
6.1 INTRODUCTION 
The OECD publishes regular reports on science and technology indicators, policy reviews 
and outlooks of its member countries, and other nations. It provides useful measures of 
the scale and direction of R&D in various countries, sectors, industries and scientific 
fields. Thus, Section 6.2 investigates the appropriate data collection approaches for this 
study base on the OECD’s recommended approaches. Suitable proxies for each NSI 
variables are discussed in Section 6.3, while the scope of data analysis for this study is 
considered in Section 6.4.  
6.2 DATA COLLECTION 
Temple and Williams (2002) suggest that, as a reasonable approximation, the use of 
input-output techniques can provide important insights into the measurement and 
generation of technology in the economy. Similarly, the first version of the Oslo Manual 
(OECD, 1992a) shows that it is possible to collect data on the complex and differentiated 
process of innovation based on such techniques. Nonetheless, realising the difficulty of 
measuring non-technological innovation, in particular its impact on firm performance, 
the 1997 version of the Oslo Manual recommends that surveying agencies develop non-
technological measures to be included in their surveys (Anderson, 2005). 
The later version of the Oslo Manual (OECD, 1997a) observes that the starting 
point for analysis of innovation activity can be R&D. However, to do so, there is a need 
to integrate an understanding of the R&D contribution with an account of the non-R&D 
inputs to the innovation process. Hence, this study adopts the guidelines laid down in the 
Frascati Manual (OECD, 2002a) for its R&D data and implements the guidelines in the 
Oslo Manual (OECD, 1997a) to incorporate innovation and non-R&D data in accordance 
with international standards.  
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The Oslo Manual (OECD, 1997a) also notes that although statistical units of 
innovation surveys can be broken down by quite different variables, one of the most 
important variables is the statistical unit of “industry”, the principal economic activity. 
Hence, unless otherwise stated, this study follows the classification undertaken by the 
Frascati Manual (OECD, 2002a) that utilises the ISIC Rev.3 for the purposes of R&D 
statistics (Section 2.5). This study’s focus is on the ISIC classification of “Construction”, 
which includes ‘general construction and special trade construction for buildings and civil 
engineering, building installation and building completion. It includes new work, repair, 
additions and alterations, the erection of pre-fabricated buildings or structures on the site 
and also construction of temporary nature’ (United Nations, 2002, p.129). 
6.2.1 Data collection approach 
As discussed in Section 2.2, the level of innovation not only depends on R&D but also 
tacit knowledge and 'learning-by-doing' in project-based environments. However, the 
inability to measure and capture such intangible, project-based data of tacit knowledge 
implies that innovation studies cannot provide precise data on the level of innovation in 
construction. Nonetheless, it is often not the precision that is important but the search for 
a suitable alternative that allows researchers to persist in their studies.  
The Oslo Manual (OECD, 1997a) thus provides two methods for measuring 
innovation. First is the objective approach, which involves the collection of data about 
specific innovations that are significant and successful. These innovations are selected on 
the basis of industrial survey, experts’ evaluations or new product announcements in trade 
journals. The objective approach is based on the fact that to identify technological change 
solely with R&D work is to take too narrow a view. Innovation is a more complex 
phenomenon involving many elements besides R&D (OECD, 1993b). However, the 
objective approach does not enable statistics to be produced which purport to represent 
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the totality of innovations that occur in a country in a given period. For example, surveys 
on Singapore contractors would only provide a partial figure, subject to the hazards of the 
response rate and the accuracy of responses. The resulting statistics would only represent 
a sub-set of the innovations occurring, and analysts need to avoid drawing conclusions 
about all innovations. Moreover, this would be inappropriate in the present study because, 
first, the study is undertaken at the macro, national level. Hence, such partial data would 
be insufficient for comparison and regression against other NSI variables such as 
construction GDP and annual foreign direct investment in construction. Second, as this 
study involves the investigation of 16 other countries, comparable data based on 
international methodology is important. Therefore, secondary data have to be in 
accordance with international standards of data collection methodologies. 
The second method of measuring innovation is the subject approach, which is an 
innovation budget approach. It is the total expenditure on innovation activities for the 
firm in a given year. The subject approach covers expenditure for implemented, potential 
and straightforward extension of traditional R&D measurement. Therefore expenditure on 
R&D is an indicator, albeit an imperfect one, of a country’s commitment to progress in 
scientific and technological knowledge (OECD, 1993b). However, the subject approach 
has the disadvantage of the lack of correspondence between the innovation effort and its 
impact on sales and the difficultly of linking the results with characteristics of innovation 
such as length of product life cycle, time needed for successful development and 
appropriate conditions. At the same time, there is not always a close link between an 
innovation project and the innovation that is introduced to the market (OECD, 2002a). An 
implemented innovation may be the result of various projects and a single innovation 
project may be the basis of many inventions. However, the subject approach allows 
compilation of all construction firms’ R&D expenditure over a particular period into a 
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national figure that is representative of a country’s periodic level of innovation. This 
would be useful for international assessment and benchmarking.   
Therefore, of the two methods, the subject approach is more appropriate for this 
study as it provides the advantages of higher compatibility of innovation expenditure data 
with the National Accounts data. This allows the inclusion and comparability of other 
non-R&D data that provide further insights into the corporate innovation process and its 
interrelationships with R&D. In addition, the data are based on “national” boundaries thus 
allowing the cross comparison of countries’ data (Section 1.7).  
To align the rest of the data with the subject approach, annual national data are 
collected for each country over the period of 11 years. For the OECD member countries, 
their secondary data are collected from the OECD database. Since Singapore is not a 
member of the OECD, the OECD would not have adequate comprehensive data for the 
analysis of Singapore’s NSI. Hence, for Singapore, the annual R&D expenditure of local 
contractors is obtained from the National Survey of R&D in Singapore, which is based on 
the guidelines of the OECD’s Frascati Manual (OECD, 1993). The rest of Singapore’s 
secondary data are collected from various national publications, such as the Yearbook of 
Statistics, Economic Survey and National Survey of R&D in Singapore, which also follow 
the OECD’s international statistical guidelines.  
6.3 OPERATIONALISATION OF THE NSI VARIABLES: FINDING SUITABLE 
PROXIES 
 
To translate the key NSI variables discussed in Section 3.4 into measurable variables, this 
section operationalises each of the key NSI factors with suitable proxies. Each key NSI 
variable’s proxy is discussed in turn.  
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6.3.1 Proxy for local contractors’ level of innovation 
There are two basic families of S&T indicators that are directly relevant to the 
measurement of innovation. First, the resources devoted to R&D and second, patent 
statistics (OECD, 1997). The former relates to innovation input while the latter concerns 
innovation output.  
The use of patenting as an indicator of technological innovation has grown steadily 
over the past decades where patents are being widely used as an indirect indicator of the 
effectiveness of the means devoted to innovation and of the technological performance of 
firms (OECD, 1996a). Several studies (Soete, 1987; Fagerberg, 1987; Dosi et al., 1988; 
Amendola et al., 1993) have also related patent data to economic indicators, either at the 
national level or when investigating industrial patterns and the impact that technology has 
on the performance of countries and industries. However, problems may arise when the 
application for patents is not done within the nation of the innovative activity but in the 
patentee’s home country. This is especially so for multinational firms when innovation is 
the result of efforts undertaken in laboratories and plants situated abroad (Pearce and 
Singh, 1992). Furthermore, patents are only a partial indicator of aggregate innovations in 
a nation, as depending on the intention of the developer, not all innovations are patented.  
Anderson (2005) observes that traditionally, measures of S&T, such as R&D and 
innovation, have produced indicators that measure the amount spent on particular 
organisations and the activities they were carrying out. Similarly in this study, resources 
devoted to R&D are measured by R&D expenditure (6.2.1). This proxy however has the 
limitation that R&D expenditure is only an input and although it is obviously related to 
technical change, it does not measure it (OECD, 1997a). Nonetheless, R&D expenditure 
involves the acquisition and generation of relevant knowledge that is new to the firm. It 
comprises creative work undertaken on a systematic basis in order to increase the stock of 
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new knowledge, and the use of this stock of knowledge to devise new applications 
(OECD, 1997a). Hence, this expenditure can relate to formal, informal, product and 
process innovations (Section 2.4). In addition, it is aligned to the subject approach of data 
collection methodology of the OECD (1997a) as discussed in Section 6.2.1. Hence, this 
study considers R&D expenditure of construction firms, as an appropriate indicator of the 
level of innovation undertaken by construction firms.  
A statistical unit may have expenditure on R&D either within the unit (intramural) 
or outside it (extramural). Intramural has been defined by Eurostat (2000) as all creative 
work undertaken within an enterprise on a systematic basis in order to increase the stock 
of knowledge, and the use of this stock of knowledge to devise new applications, such as 
new and improved products and processes. This definition is very close to the definition 
of  “construction innovation” characterized in this study (Section 2.4). 
Therefore, intramural expenditures are all expenditures for R&D performed within 
a statistical unit or sector of the economy during a specific period, whatever the source of 
funds (OECD, 1997a). Expenditures made outside the statistical unit or sector but in 
support of intramural R&D such as capital and current expenditures of supplies for R&D 
are included. On the other hand, extramural expenditures are the sums a unit, organisation 
or sector reports having paid or committed itself to pay to another unit, organisation or 
sector for the performance of R&D during a specific period. This includes acquisition of 
R&D performed by other units and grants given to others for performing R&D.  
Since this study intends to study the level of innovation by contractors, it adopts 
business enterprise intramural expenditure on R&D (BERD) as a proxy for the level of 
innovation performed by contractors. Extramural expenditure is not utilized in this study 
as it involves R&D performed by other sectors of the economy such as governments and 
non-profit organisations. The R&D performed by each of these sectors is examined 
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individually in this study, as an independent variable to the level of investments in 
construction innovation by contractors. Therefore, inclusion of such in the R&D 
expenditure of firms would lead to double counting. Hence this study takes BERD under 
the classification of construction industry in the ISIC Rev.3 (Section 6.2) as the total 
volume of construction firm’s investment in innovation within a nation for a particular 
period. 
6.3.2 Proxy for market share of foreign contractors in construction 
The OECD’s international investment statistics provide information on the levels (stock) 
of foreign financial assets and liabilities at the end of the period, financial transactions 
(investment flows) resulting in increases and decreases in these assets and liabilities, 
other changes in value of these assets and liabilities (price changes, exchange rate 
changes and other adjustments) and income accrued on these assets and liabilities 
(OECD, 2004). Since this study intends to investigate the impact of the market share of 
foreign contractors on local contactor’s level of construction innovation, this study is 
concerned with the information on the investment flows that results in increases and 
decreases of foreign contactors’ assets and liabilities. The OECD is thus able to provide 
useful data relating to construction FDI required by this study.  
The concept of direct investment is based on an investor resident in one economy 
(direct investor) obtaining a lasting interest in an enterprise resident in another economy 
(direct investment enterprise) (OECD, 2004). The lasting interest implies the existence of 
a long-term relationship between the direct investor and the enterprise and a significant 
degree of influence in its management (OECD, 2004). Ownership of ten percent or more 
of the ordinary shares or voting stock (or an equivalent equity interest) is regarded as 
indicative of the significant influence by an investor and no exceptions to this rule are 
currently applied. Branches, subsidiaries, sub-subsidiaries and associates of the direct 
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investor are included in this direct investment relationship (OECD, 2004). This definition 
of direct investment used in the OECD is consistent with the recommendations of the fifth 
edition of the IMF Balance of Payments Manual (BPM5) (Singapore Department of 
Statistics, 1998a) and the third edition of the OECD Benchmark Definition of Foreign 
Direct Investment (BMD) (OECD, 1996b). Hence, by utilizing FDI data from the OECD, 
this study is able to firstly, clearly demarcate the level of investments by foreign investors 
from that of their local counterparts in joint ventures or subsidiaries. This will ensure that 
there is no double counting of local investors in other proxies in this study. Secondly, the 
OECD ensures the accounting methodologies of each country are aligned to allow 
international comparability of data required in this study. 
This proxy however has the limitation that inward FDI is only an input and 
although it is obviously related to the market share of foreign contractors, it does not 
measure it. Nonetheless, inward FDI involves the acquisition and generation of equity in 
foreign construction enterprises that determines the sizes and competitiveness of the firm 
in the construction industry. Hence, to obtain an indication of the share of the 
construction market of foreign enterprises, it is useful to investigate the efficiency of this 
input in generating output. Hence, this study’s proxy for the market share of foreign 
contractors in the construction industry is taken as the percentage of investment flows of 
foreign contractors (inward FDI) over a unit of construction output. 
6.3.3 Proxy for local contractors’ export of services 
Local contractors’ export of construction services is directly denoted by investment flows 
of local contractors in foreign countries (outward FDI) (Section 4.3.6). Although outward 
FDI indicates the level of national investment in foreign construction or export of 
financial services in construction rather than the measure of export of construction 
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services, this proxy is generally utilised in economic analysis as the indicator of the level 
of construction export from a country (Singapore Department of Statistics, 2006).  
6.3.4 Proxy for level of technological cooperation  
The level of technological cooperation in this study does not relate to the construction 
industry alone. It is the measurement of the effectiveness of a cluster network of 
construction companies and their related and supporting industries in facilitating the flow 
of information, knowledge and skills among enterprises (Section 1.8). Hence, an 
appropriate proxy will be one that is not specific to an industry but to the nation as a 
whole. The World Competitiveness Report (International Institute for Management 
Development (IMD), 2003) provides an index on the level of technological cooperation 
of each nation for each accounting year. Although it is a non-R&D indicator, it will be a 
useful proxy for the level of technological cooperation in a nation.  
This proxy is suitable for this study as it is based on a comprehensive annual study 
and the IMD provides an extensive coverage of 49 countries, including the 30 OECD 
members and 19 newly industrialized and emerging economies (IMD, 2002). 
Furthermore, the business community uses the world competitiveness report as an 
essential tool in determining investment plans and assessing locations for new operations 
while government agencies find important indicators to benchmark their policies against 
those of other countries and to evaluate their performance over time (IMD, 2003).  
6.3.5 Proxy for National institutions’ investments in construction innovation 
This study measures national institutions’ expenditure on construction R&D through the 
government budget appropriations or outlays for R&D (GBAORD). GBAORD involves 
all government’s budget items involving R&D. It covers not only government financed 
R&D performed in government establishments but also government financed R&D in the 
other national sectors of business enterprise, private non-profit, higher education and 
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abroad (OECD, 2002a). It includes both current and capital expenditure. Although these 
estimates are less accurate than performance based data, they can provide a clearer 
classification of expenditure as they are linked to policy classified by objectives or goals.  
The GBAORD is further classified into 11 categories according to a general list of 
countries’ socio-economic objectives. Of these 11 categories, the socio-economic 
objective of Infrastructure and General Planning of Land Use would be the most suitable 
GBAORD classification for this study. This socio-economic indicator covers research on 
infrastructure and land development, including research on the construction of buildings 
(OECD, 2002a). However, the General Industrial Classification of Economic Activities 
within the European Union (NABS) observes that R&D on construction materials belongs 
to the socio-economic indicator of Industrial Production and Technology and the 
treatment of construction R&D appears to vary in each country. Nonetheless, as this study 
obtains its data from the OECD, it assumes the socio-economic indicator of Infrastructure 
and General Planning of Land Use to be appropriate for its GBAORD data. 
6.3.6 Proxy for technological cooperation between national institutions and local 
contractors 
 
Applying the concept of NSI, this study defines national institutions in the context of 
construction to comprise universities, construction statutory boards and private non-profit 
research institutes that directly influences construction activities within a country (Section 
1.8). Hence, the statistical data should ideally consider higher education, private non-
profit organisations and government. To normalise the difference in the number and size 
of national institutions in each country, it is useful to take the percentage of contribution, 
of each dollar of expenditure of the national institutions on construction activities as the 
level of technological cooperation with the contractors. Hence, a related and comparable 
proxy for the level of technological cooperation undertaken by national institutions and 
construction firms will be the percentage of intramural expenditure of business 
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enterprises financed by the OECD’s (1993) institutional classifications of sectors of 
higher education, non-profit institutions and direct government over the total innovation 
expenditure of higher education, non-profit institutions and government. These data can 
be obtained from the OECD. 
The OECD’s data on intramural expenditure of “Business Enterprises” is 
categorized by the ISIC classification (Sections 2.5 and 6.3.1). On the other hand, the 
total innovation expenditure of higher education, non-profit institutions and government 
follow the classifications of the field Science and Technology. This study adopts the 
classification of “Engineering and Technology”, which encompasses civil engineering 
such as: architectural, building science, construction, municipal and structural 
engineering; electronic engineering; and other engineering sciences. Hence, the total 
expenditure of higher education, non-profit institutions and government include all 
construction related enterprises such as architectural and engineering enterprises. 
Therefore, taking the percentage of intramural expenditure of business enterprise financed 
by higher education, non-profit institutions and direct government over the total 
innovation expenditure of higher education, non-profit institutions and government would 
provide the average percentage of contribution, of each dollar of expenditure of the 
national institutions on construction activities, to the technological cooperation with the 
contractors. This will present an indicator that is comparable internationally. 
However, this proxy has the limitation that it is not specific to construction; it 
covers all technologies in the fields of engineering. In addition, it limits cooperation to 
financial transfers only, excluding a number of joint-projects with in kind contributions. 
Undertaking surveys to obtain more specific data considering only the involvement of 
contractors would be beyond the means of the researcher.  
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6.3.7 Proxy for R&D capability of local contractors 
Ling (2003) observes that innovation can maximize its potential only if its capabilities 
and ambitions match the company's wants and needs. Hence, firms that are proposing and 
supporting the innovation must have relevant capabilities. Gann (2000) recommends that 
firms must devote more resources to the development of their technical and managerial 
competencies. This is because, in order to make use of knowledge, a firm needs to 
possess sufficient internal competencies such as absorptive capacity that has a cumulative 
nature (Schibany and Polt, 2001). Such cumulative nature resides in the tactic knowledge 
of personnel. For instance, in the UK in 1998, the government published its 
Competitiveness White Paper, Our Competitive Future: Building the Knowledge Driven 
Economy advocating that sustainable growth and competitive advantage are dependent 
upon the successful exploitation of know1edge, skills and creativity (Georghiou, 2001). 
Similarly, it is observed that in Portugal, because of a lack of qualified technical 
specialists in-house, firms are unable to identify, acquire and absorb external technology 
(OECD, 1993a). Therefore, in this study, the firms’ innovative capability is measured by 
the Full Time Equivalent (FTE) value of R&D personnel in construction.  
R&D may be the primary function of some persons such as workers in an R&D 
laboratory or it may be a secondary function. Hence to count only persons whose primary 
function is R&D would result in an underestimate of the effort devoted to R&D. 
However, to do a headcount of everyone spending some time on R&D would lead to an 
overestimate due to the overvaluing of hours imputed by workers who only regard R&D 
as a secondary function. Therefore, to have an appropriate proxy for the R&D capability 
of construction firms using R&D personnel, it must be expressed in FTE on R&D 
activities. Although, this proxy is only limited to the measurement of the formal sector 
without ample consideration of the informal sector, FTE is defined by the Frascati 
Manual (OECD, 2002a) as providing the true volume of R&D. In addition, it is a 
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measurement of the man-year utilisation of intangible and non-replicable knowledge 
residing in researchers. Hence, it is a useful proxy for the total innovation capability of 
firms within a nation.   
6.3.8 Proxy for construction productivity and quality  
Construction productivity is the efficiency of an entity, such as workers or machines, in 
producing value-added products or profits. It is the ratio of the industry output or 
production on its input (Manseau, 2005). Productivity is a complex issue in construction 
where even labour productivity, let alone capital, materials, or total factor productivity, is 
difficult to measure due to the heterogeneity of the industry’s products as well as of its 
inputs (Koch and Moavenzadeh, 1979). Manseau (2005) observes that although there are 
productivity measures for different countries, it is difficult to compare productivity levels 
from one country to another. Anderson (2005) notes that most measurements of 
innovations lack the evaluation of skilled personnel involved in construction innovation. 
Others (such as Rojas and Aramvareekul, 2003) observe that labour productivity, or the 
output per hour worked, is considered one of the best indicators of production efficiency. 
This is indicated by first, the higher productivity levels that usually translate into superior 
profitability for the firm and second, sustainable improvement in labour productivity that 
is associated with economic progress (Rojas and Aramvareekul, 2003). Furthermore, 
several reports have shown that economic fluctuations, which are similar to fluctuations 
in productivity, correspond to some internal non-periodic cyclical order that is not 
random behaviour (Peters, 1991; Papaioannou and Karytinos, 1995). Hence, the need to 
invest in training and the creation of better craft skills is increasingly recognised.  
In Japan, personnel exchanges between organisational departments and training 
systems are means to conduct effective exchanges and training for site construction 
engineers and to improve the technological and productivity potential of the site 
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construction units (Okamoto, 1998). Therefore, for construction companies, personnel 
should become the prime source of sustainable competitive advantage (Briscoe, 1998). 
Similarly, the Latham Report (Latham, 1994) identifies the importance of labour skills 
and training in UK construction as key factors in raising industry productivity. Hence, to 
measure the impact of construction productivity on the level of construction innovation, 
this study adopts labour productivity as a valid indicator of the level of construction 
productivity. Although it would have been preferable to use the hours worked as a 
measure of labour input, at the present time, consistent data on the hours worked are not 
available for all the OECD countries. Hence, in this study, labour productivity is 
measured as value added at constant prices over the total number of persons engaged. 
This is the definition adopted by the OECD.  
Quality is an intangible element where an appropriate international measure for 
contractors' level of construction quality may not exist. Hence, this study relies on 
interviews with construction practitioners to understand the relation and possibility the 
causal effect of construction quality on local contractors’ level of investment in 
innovation. These interviews are analysed together with the statistical results of 
construction productivity to obtain a holistic understanding of the impact of construction 
productivity and quality on local contractors’ level of investment in innovation. Results 
are discussed in Section 11.2.2. 
6.3.9 Proxy for rate and level of technological advance in construction 
Rosegger (1996) observes that technological advance can be represented by a net increase 
in the stock of knowledge an economy applies to production. Although this increase is not 
measurable, a logical assumption can be made that it affects the nature and quantity of 
inputs and outputs, as well as the relationship between inputs and outputs. Hence, what is 
measurable is the growth of an economy’s or industry’s real output, its GDP over time. 
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Hence, the growth rate of knowledge of an industry and the size of an industry can be 
directly represented by the growth of GDP of the industry and its GDP respectively. 
Therefore for this study, the growth of knowledge of the construction industry is 
approximated by the construction GDP level. 
Construction GDP is the direct measure of construction output in a particular year. 
Hence in addition to the direct measure of GDP, Brougham (2002) observes that the 
magnitude of fluctuation present in construction GDP will be an excellent economic 
indicator for such a dynamic industry that is extremely susceptible to economic 
uncertainty. Hence, this study takes construction GDP and its magnitude of fluctuation as 
contributors to the common innovative infrastructure of the NSI. 
6.3.10 Proxy for local contractor profit 
Local contractors’ profit is approximated by equating it to the level of turnover classified 
under “Construction” of ISIC Rev. 3 (Section 6.2) less total expenditure. Turnover data 
are obtained from the OECD, which defines turnover as the actual sales in the year 
(OECD, 2003). Hence, “turnover” can be greater than “production” in a given year if all 
production is sold together with stocks from previous years. Production represents the 
value of goods and/or services produced in a year, whether sold or stocked (OECD, 
2003). Utilising the OECD’s definition of turnover, profit level of local contactors can be 
deduced by subtracting local contractors’ annual expenditure from their turnover. 
Although international data on contractors’ annual expenditure is not available, this 
notion can be translated and represented in a causal loop in the NSI model. This causal 
loop will enable analysis of the impact of local contractors’ profit on his level of 
investment in innovation through local contractor’s turnover (see Table 4.2, logic 1). 
Although, this will not provide a precise and accurate measure of profit level of 
contractors, the alternative to this approximation is to conduct a survey of all contractors 
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in each country, which as discussed in Section 6.2.1 is not a probable methodology for 
this study. Hence in this study, turnover is not truly a proxy of profit but an input for the 
approximation of the level of profit of local contractors.  
6.4 DATA COVERAGE 
This section discusses the selection procedure of countries for the purpose of empirical 
analysis in this study. The OECD (1999) notes that for international statistical 
comparison, the main source of diversity is country size and stage of economic 
development. The World Bank (2003) divides economies according to: low income; lower 
middle income; upper middle income; and high income. This study’s concern lies on the 
high-income countries. This is because, high-income countries are information societies 
that are reaching or have become established at the innovation or wealth-driven stages, 
characterised by dependence on know-how, a highly educated work force and a growing 
demand for services (Kivisto, 1997; Pajakkala and Vainio, 1997). Hence, they are 
appropriate for a study on innovation. The selection procedure of suitable high-income 
countries is now discussed. 
6.4.1 Selection of countries for analysis 
Whether a country can be classified as developed or less developed is often determined 
by the size of its Gross National Product (GNP) per capita, which is a rough measure of 
the value of goods and services produced and available on the average to each country 
(Kamerschen et al., 1989; Schnitzer, 1994). The United Nations (2005) also observes that 
GNP reflects the changes in total production of goods and services and hence the state of a 
nation’s growth and development. GNP is also understood in national accounts generally, 
to be identical to gross national income (GNI) (United Nations, 2001). GNI measures the 
total domestic and foreign value added claimed by residents. It is the sum of value added 
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by all resident producers plus any product taxes (less subsidies) not included in the 
valuation of output plus net receipts of primary income from abroad.  
One of the often-cited limitations of GNI, as a key economic performance indicator of 
a country’s state of development and a measure of people's welfare, is that it does not 
account for the social and environmental costs of production. Therefore it is not a good 
measure of the level of over-all well being (Eurostat, 1993). For example, GNI takes no 
account of the inputs used to produce the output. It does not take into account many 
factors that may be important to quality of life, such as the quality of the environment and 
security from crime. This can lead to distortions in the state of welfare of a country. 
Nonetheless, Eurostat (1993) observes that this commonly cited inadequacy in national 
account may not necessarily expose a deficiency in national accounts' concepts, as is 
sometimes maintained. It also observes that in a market economy, the prices used to value 
different goods and services should not only reflect their relative costs of production but 
also the relative benefits or utilities to be derived from using them for production or 
consumption. This establishes the link between changes in aggregate production and 
consumption and changes in welfare.  
Furthermore, levels of GNI per capita are used by international organizations to 
determine eligibility for loans, aid or other funds or to determine the terms or conditions 
on which such loans, aid or funds are made available. Hence, by utilising GNI as an 
indicator of economic development in this study, an assessment of the recent behaviour 
and current state of the economy and a view about the likely future developments 
regarding an economy can be made. Such an internationally recognised indicator serves 
as a coordinating framework for ensuring the consistency of definitions and accounting 
framework of GNI.  
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Hence, this study selects GNI as an indicator of a country’s state of development to 
obtain an appropriate economic indicator, based on comprehensive conceptual and 
accounting framework, to analyse and evaluate the economic performance of a country. 
The World Bank (2004a) uses GNI per capita in US dollars, converted by the World Bank 
Atlas method, to classify countries for analytical purposes. This involves using a three-
year average of exchange rates to smoothen the effects of transitory exchange rate 
fluctuations. GNI per capita is gross national income divided by mid-year population 
(World Bank, 2004a). 
This study follows the classification of the World Bank (2003), which currently 
divides economies by their GNI per capita into groups: low income, GNI per capita of 
US$745 or less, lower middle income, GNI per capita of US$746 to US$2975, upper middle 
income, GNI per capita of US$2976 to US$9205, and high income, GNI per capita of 
US$9206 or more. The World Bank also specifically classifies almost all members of the 
OECD under a separate classification of “High-income OECD” countries. In this study, all 
subject countries are selected from the “High-income OECD” category except Singapore, 
which is classified under “other High income” group. The OECD member countries are 
selected for this study’s empirical analysis because the OECD provides international data 
that are comparable from the statistical methodology point of view. In addition, most OECD 
member countries have the knowledge base and technological capability needed to 
sustain a high standard of living (OECD, 1999) and hence the demand and applicative 
opportunities for effective and novel products.  
The OECD countries selected for this study’s empirical analysis are based on the list 
of member countries from the year that provides the highest number of OECD countries with 
sustainable data. Most of the OECD member countries’ data are sustainable and consistent 
from 1992. In 1992, 16 out of a total of 24 OECD member countries (OECD, 2005a) 
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provided the complete set of data required by this study. Hence, the population of this 
study’s research would be the list of OECD countries before 1992, and Singapore. The final 
sampling frame consists of 16 OECD member countries and Singapore, providing a total of 
17 countries: Australia; Austria; Belgium; Canada; Denmark; Finland; Germany; Italy; 
Japan; Netherlands; Norway; Portugal; Singapore; Sweden; Spain; United Kingdom; and 
United States. The data collection process was conducted in February and March of year 
2005. In that period, these 17 countries only provided adequate data for all proxies in this 
study up to the year 2002. Hence, the period of analysis for this study consists of 11 years 
from 1992 to 2002.     
6.4.2 Categorisation of selected countries 
It is necessary to investigate whether the countries are comparable in terms of the structure 
of their economies. The structures of the 17 countries’ economies analysed according to the 
percentage of total employment and GDP and further analysed in terms of the three main 
economic activities of agriculture, industry and services are presented in Table 6.1. (World 
Bank, 2004b). Table 6.1 shows that in most countries the services sector on the average 
contributes about 65 percent of the total employment and GDP. This is followed by the 
industrial sector (about 30 percent) and agriculture sector (about 5 percent). Hence, these 17 
countries’ structures are aligned with Kamerschen et al.’s (1989) observation that in the 
highly developed countries, employment in the services industries actually exceeds 
employment in manufacturing. Hence, the structures of these 17 countries are reasonably 








Table 6.1. Countries’ Structure of Economy (base year 2004) 
 Small, Lower High-Income Countries 
 Percentage of Total Employment Percentage of GDP 
 Agriculture Industry Service Agriculture Industry Service
Australia 5.00 21.50 73.50 3.51 26.19 70.29 
Portugal 12.80 35.40 51.70 3.86 30.42 65.72 
Spain 7.20 31.10 61.70 3.90 29.99 66.11 
 Small, Medium High-Income Countries 
 Percentage of Total Employment Percentage of GDP 
 Agriculture Industry Service Agriculture Industry Service
Austria 6.20 30.60 63.10 2.44 32.86 64.70 
Belgium 2.20 24.70 68.20 1.38 27.85 70.78 
Canada 3.60 22.40 74.00 2.52 31.77 65.72 
Finland 6.20 27.80 65.60 3.63 33.63 62.75 
Netherlands 3.10 21.40 72.60 2.89 26.31 70.80 
Singapore 0.30 28.50 71.10 0.15 35.48 64.37 
 Small, Upper High-Income Countries 
 Percentage of Total Employment Percentage of GDP 
 Agriculture Industry Service Agriculture Industry Service
Denmark 3.3 26.7 69.8 2.63 26.22 71.15 
Norway 4.7 22.8 72.4 2.47 35.71 61.82 
Sweden 2.5 25.1 72.3 2.14 29.56 68.31 
 Large, High-Income Countries 
 Percentage of Total Employment Percentage of GDP 
 Agriculture Industry Service Agriculture Industry Service
Germany 2.8 33.7 63.3 1.21 30.98 67.8 
Italy 5.5 32.9 61.4 3.08 29.31 67.61 
Japan 5.2 31.7 62.5 1.49 32.3 66.21 
United 
Kingdom 1.6 26 72.1 1.19 28.54 70.27 
United States 2.6 23.1 74.4 1.62 24.73 73.65 
Source: World Development Indicators (World Bank, 2004b) 
 
Despite the similarity in the structures of the economies, this study observes that 
there are large differences in terms of the sizes of the economies. The OECD (1999) notes 
that countries with differing sizes of economies may have different characteristics. Large 
and highly developed countries are able to offer companies the markets, advanced clients 
and opportunities to reap economies of scale while maintaining diversity in R&D 
activities. Furthermore, in addition to correcting market failures, large and highly 
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developed countries generally focus on improving the institutional framework for 
knowledge exchange among firms and between market and non-market organisations.  
On the other hand, innovators in smaller high-income countries generally have to 
internationalise more rapidly and concentrate on a narrower range of fields to reap similar 
benefits (OECD, 1999). An example is the mobile communications sectors in Finland that 
have become the country’s core industry. Smaller countries will profit most from free 
flows of technology across borders and their innovation systems are often focused on 
capturing the benefits of inflows of technology. Smaller countries hence, face 
proportionally higher costs for maintaining institutions that cover a broader range of 
subjects than can be taken up by their industries (OECD, 1999). These differences 
between the small and large countries suggest that it will be inappropriate for this study to 
analyse all 17 countries in one sample. Instead, the countries should be classified 
according to the size of their economies, their state of economic development, and other 
relevant attributes. 
The World Bank (2004a) notes that population, land area, income, and output are 
basic measures of the size of an economy and a broad indication of actual and potential 
resources in a country. Bryant and McKibbin (2004) also observe that population growth 
occurs at differing paces and with differing degrees of intensity in the industrialized 
nations of the world. Hence, recent findings indicate that when it comes to economic 
growth and development, population matters (Bloom et al., 1998). The data used for the 
classification of countries in this study follows the methodology presented by the World 
Bank (2004a). Population is based on the de facto definition of population, which counts 
all residents regardless of legal status or citizenship, except for refugees not permanently 
settled in the country of asylum, who are generally considered part of the population of 
their country of origin (World Bank, 1991). Hence, in this study, the 17 selected countries 
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are divided according to their population size. Rosenberg (2004) considers countries with 
more than 50 million as having a large population size. This study has termed countries 
with population size greater than 50 million as “large” countries while countries with 
population less than 50 million are considered as “small” countries.  
In addition, differing sizes of the construction industry should be considered in each 
of the countries in the sample, as countries of similar population sizes can have differing 
sizes of construction industries. Furthermore, an increase of R&D expenditures can 
simply follow the growth of the construction industry, without indicating any increase in 
the intensity of R&D. Hence, the construction GDP could be used as a fair guide of the 
measurement of the size of the construction industry for each country (Section 6.3.9) and 
the R&D expenditure could be normalised by taking into consideration the size of the 
construction industry.  One sample t-test (see Appendix H) was conducted for each 
sample of countries. Results of the tests show that the mean construction GDP of each 
country in a sample is similar. However, the mean construction GDP of each country 
across the three samples is significantly different. Hence, this implies that the three 
samples of countries are also classified by similar construction industry sizes.  
Income is measured by gross national income (GNI) (Section 6.4.1). The indicator 
of GNI per capita is used in this study to normalise and provide a basis of comparison 
between the selected countries. Following the classification provided by the World Bank 
(World Bank, 2004a), in this study, countries with a GNI per capita of less than 
US$20,000 are considered as low high-income countries. Countries with a GNI per capita 
between US$20,001 and US$25,000 are considered as medium high-income countries 
and countries with a GNI per capita of more than US$25,000 is consider as upper high-
income countries  
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Hence, from the sampling frame, the 17 selected countries are categorised into four 
sets of samples based on their population size and GNI per capita (Figure 6.1) as:  
• Small, Lower High-Income Countries: Australia; Portugal; and Spain 
• Small, Medium High-Income Countries: Austria; Belgium; Canada; Finland; 
Netherlands; and Singapore 
• Small, Upper High-Income Countries: Denmark; Norway; and Sweden 
• Large, High-Income Countries: Germany; Italy; Japan; United Kingdom; and United 
States 
Finally, data comprising financial or expenditure figures are converted to US dollars 
for the base year of 1995 using purchasing power parity (PPP). PPP is widely recognised 
as the more reliable conversion factor in comparison with exchange rates (Kravis, 1978; 
United Nations, 1997). PPP is the averages of the price ratios between different countries 
for a basket of goods and services representing the aggregate to be compared. Kravis 
(1978) observes that the real per capita GDP of low-income countries relative to that of 
high-income countries is greater than is indicated by comparisons based on exchange rate 
conversions of GDPs to a common currency. Hence, the utilisation of exchange rate as a 
conversion factor is imprecise as the prices would differ among the countries when they 
are all converted to a common currency via exchange rates. The PPP method involves the 
use of standardized international dollar price weights, which are applied to the quantities 
of final goods and services produced in a given economy (United Nations, 1997). Hence, 
the data derived from the PPP method would provide the best available starting point for 
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6.5 CHAPTER SUMMARY 
This study has adopted the subject approach of data collection, which is an innovation 
budget approach. In addition, the industrial classification under “Construction” in ISIC 
Rev. 3 is considered the most suitable category for the purpose of data collection for this 
study. Next, key NSI variables that are discussed in Section 3.4 are operationalised with 
measurable indicators. Table 6.2 provides the summary of the key NSI factors with 
suitable proxies as discussed in Section 6.3. 
Table 6.2. Operationalisation of key NSI variables 
 
Abbreviation Variables / factors Measurement framework 
LCI Local Contractors' 
Investment in Innovation 
Annual R&D Expenditure of Local 
Contractors  
LES Local Export of Construction 
Services 
Annual outward FDI for construction 
MSF Market Share of Foreign 
Contractors 
Annual percentage of inward FDI for 
construction to total construction GDP 
NTC National Technological 
Cooperation 
World Competitiveness Index for 
National Technological Cooperation 
NIC National Institutions' 
Investment in Construction 
Innovation 
GBAORD by the socio-economic 
objective of Infrastructure and General 
Planning of Land Use  
CJV Technological Cooperation 
between Local Contractors 
and National Institutions  
 
 
Percentage of Higher Education’s 
intramural expenditure in the Science 
and Technology field of Engineering and 
Technology financed by Business 
Enterprises over the total intramural 
expenditure of Higher Education 
CLP Construction Labour 
Productivity 
Ratio of value added at constant price 
over the total number of person engaged 
RDC Research Capability of Local 
Contractors 
FTE# value of R&D Personnel in 
Construction  
CDD Construction Demand Annual Construction Gross Domestic 
Product 
CFD Construction Demand 
Fluctuation 
Magnitude of Annual Change in 
Construction Gross Domestic Product 
CTO Turnover of Local 
Contractors  
Annual Turnover of Local Contractors 
# FTE: Full Time Equivalent – Methodology based on Frascati Manual (OECD, 2002a) 
  202
Sixteen OECD countries are selected as suitable candidates for empirical analysis as 
they are able to provide the complete data required by this study. This study’s final 
sampling frame consists of 17 countries in total, 16 OECD member countries and 
Singapore. The World Bank (2004b) classifies these countries as high-income countries. 
Investigation of the structure of these selected 17 countries according to the three main 
economic activities of agriculture, industry and services, has showed that the countries are 
comparable in terms of the structure of their economies and are suitable candidates for the 
investigation of the impact of the NSI on construction innovation. However, their country 
size differs and thus this effect on construction innovation has to be taken into account. 
This study utilises income, measured by gross national income (GNI), and population size 
as indicators of the size of an economy. The 17 countries are thus classified as: Small, 
Lower High-Income Countries; Small, Medium High-Income Countries; Small, Upper 















CHAPTER 7: CAUSAL COMPARATIVE ANALYSIS 
 
7.1 INTRODUCTION 
This chapter highlights the local contractors’ trend of investments in innovation over a 
period of 11 years (1992 to 2002) for each of the four samples: small, lower high-income 
countries; small, medium high-income countries; small, upper high-income countries; and 
large, high-income countries. In Section 7.2.1, the trends of these four samples are 
analysed and compared to investigate the effects of the NSI variables on the level of local 
contractors’ investment in construction innovation. Section 7.2.2 tests the validity of such 
comparisons while Section 7.2.3 discusses the trend analysis of this study’s samples, 
derived from the results of the causal comparative analysis (CCR). 
7.2 RESULTS OF CAUSAL COMPARATIVE ANALYSIS 
This section seeks to explain the differences in local contractors’ level of investment in 
construction innovation among the four classified samples (Section 6.4) of this study. 
7.2.1 Exclusion of large, high-income countries. 
Figure 7.1 depicts the trend of the average level of local contractors’ construction 
innovation for all four samples. The average level of construction innovation of all 
countries within each sample is derived for each year (1992 – 2002). By subjecting the 
annual average of each sample, spanning 11 years, to trend analyses, the trend of local 
contractors’ level of innovation for each of the four samples could be derived and 
compared. It is shown that the level of innovation by contractors for large high-income 





Figure 7.1. Trend of average local contractors’ investment in construction 
innovation for all 4 samples 
 
Generally, a higher number and size of local contracting firms may contribute to the 
higher level of investments experienced by large high-income countries. The level of 
investment in construction innovation for each sample can therefore be normalised by the 
number and size of construction companies. This will provide a comparable basis 
between the large and small high-income countries’ level of investment in construction 
innovation. As the OECD does not provide such information, individual country’s data of 
the number, distribution and size of contractors may not be internationally comparable 
due to the differences in the definition of a “construction company” or a “contracting 
company” in each country. Hence, normalisation by number and size of construction 
firms is not possible.  
Alternatively, the level of investment in innovation by each sample can be 
normalised by population size. However, this study is unable to acquire an appropriate 
common denominator that normalises the rest of the independent NSI variables’ 
indicators for statistical analysis. For example, it will be inappropriate to normalise 


































Therefore, normalising the level of construction innovation at this stage will pose 
difficulties in the later stages of statistical analysis. Since this study’s subject country is 
Singapore, the focus is on the small high-income countries. Therefore, the correlation 
between country size and the level of investment in construction innovation serves as a 
basis for the exclusion of large high-income countries. CCR is thus applied only to the 
three samples of small high-income countries. Raw data of the level of investment in 
innovation for each sample of small high-income countries is utilised for the statistical 
analysis of CCR. 
7.2.2 Validity of causal comparison between small, high-income countries 
Figure 7.2 depicts the trend of local contractors’ annual level of innovation for all three 
samples of small high-income countries.  
 




It is pertinent to note that although countries are grouped according to size and 
income, taking the average of investments across the different countries in each sample 
distorts the level of innovation representative of each individual country because of the 
possibility of “outlier data” in some of the groups. Therefore, comparing this group 
against one that has no “outlier country data” will be erroneous. Hence, this study 





























particular year’s average sample innovation level. One sample t-test is employed to 
compare the actual innovation level of each country, for each year of analysis (1992-
2002), against the average innovation level of all countries in that country’s sample for 
that particular year. Testing at the 1% significance level, using a two-tailed probability, 
the following hypothesis is tested: 
Ho: μs = Xc. The actual annual construction innovation level of each country is not 
significantly different from the average annual construction innovation of the sample of 
countries. Hence, the trend analysis of the average annual construction innovation of the 
sample of countries is acceptable.  
Or H1: μs ≠ Xc. The actual annual construction innovation of each country is significantly 
different from the average annual construction innovation of the sample of countries. 
Hence, the trend analysis of the average annual construction innovation of the sample of 
countries is not acceptable.  
μ denotes the mean of the object sample, while subscript s indicates the sample being 
investigated. X denotes the actual annual expenditure of a country, while subscript c 
indicates the subject country of analysis. A summary of the results of this test is shown in 











Small, lower high Small, medium high Small, upper high 
1992 .189 .031 .117 
1993 .179 .030 .101 
1994 .193 .027 .157 
1995 .305 .036 .209 
1996 .316 .040 .245 
1997 .278 .020 .268 
1998 .296 .040 .175 
1999 .281 .025 .229 
2000 .167 .015 .102 
2001 .159 .015 .086 
2002 .171 .017 .060 
*  Ho is rejected at the 0.01 significance level (2-tailed). 
Source: Complied from Appendix I, Tables I1, I2, and I3. 
 
From the 11 years of analysis (1992-2002), at the test significance of 1%, the lowest 
significant value for small lower-high income countries is 15.9%, and for small medium-
high income countries is 1.5% while for small upper high-income countries, the lowest 
significant value is 6% (Table 7.1). Since the lowest significant value for all the samples 
is not lower than the test statistic of 1%. Ho is accepted for all samples.  
It can be thus concluded that each year’s data for all samples do not vary 
significantly from the year’s average level of innovation for each sample. Therefore, it is 
appropriate to take the average level of innovation of all countries in each sample for a 
particular year. 
7.2.3 Trend analysis of small, high-income countries 
It can be observed from Figure 7.2 that local contractors’ level of investment in 
construction innovation is generally on an increasing trend. This may suggests that in 
construction, it is increasingly recognised that it is necessary to engage in or continue 
with persistent R&D. This view is taken by several authors (such as Frederic and Chase, 
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1993; Latham, 1994; Okamoto, 1998; DETR, 1999; Sexton and Barrett, 2003), who note 
that intense competition in construction is challenging firms to do so.  
Medium-high income countries’ level of construction innovation is the highest for 
the years 1992 to 2000. However, medium high-income countries’ dip in innovation in 
the year 2000 and the slow pickup after that, allowed lower-high income countries level 
of construction innovation to surpass that of the medium high-income in the years 2000 
and 2002. The regression analysis of the significant factors affecting the level of 
innovation in each sample of countries, in the next chapter, may provide an insight into 
this rising trend of innovation for low and medium-high income countries.  
Lower high-income countries’ level of construction innovation although generally 
showing a rising trend, is unstable, showing wide fluctuations over the 11 years (1992-
2002). Upper high-income countries local contractors’ investment in construction 
innovation is generally low, fluctuating between 15 to 10 million over the 11 years (1992-
2002) without showing significant increase in the overall level of construction innovation. 
This may be the effect as advocated by Yusuf and Evenett (2002) that the over 
accumulation of R&D resources in high-income countries is providing meagre returns 
(Section 3.4.2.1).  
Hence, from these analyses, medium high-income countries present the most stable 
growth and the highest level of local contractors’ level of investment in innovation.  
7.3 CHAPTER SUMMARY 
From the comparative analysis of the four samples of countries, it has been observed that 
the level of expenditure on innovation in construction by local contractors for the large 
high-income countries greatly exceeds that of the small high-income countries. Hence, 
the sample of large, high-income countries is excluded from further analysis in this study. 
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On further analysis of the remaining three samples of small, high-income countries, the 
medium, high-income countries have the highest and most stable growth of local 
contractors’ level of investment in innovation over the period of 11 years (1992-2002). 
The investment in small, lower high-income countries, although on an increasing trend, 
has a widely fluctuating nature. The small, upper high-income countries have generally 
showed the lowest level of local contractors’ level of investment in innovation. 
The next step of this study will utilise regression analysis to investigate the 
significant NSI variables that lead to the differences in the local contractors’ level of 


















CHAPTER 8: EMPIRICAL RESULTS OF STUDY 
 
8.1 INTRODUCTION 
As discussed in Section 5.4.1.2, this section aims to select an appropriate regression 
technique for the purpose of this study in Section 8.2. The first stage of theoretical model 
validation is presented in Section 8.3. Model equations are developed from this result and 
presented in Section 8.4. In Section 8.5, the validation process of these empirical models 
are discussed and in Section 8.6 the empirical models are validated statistically with data 
from an additional five OECD countries: Greece; Hungary; Korea; New Zealand; and 
Switzerland. From these results, the second stage of the three-stage validation process of 
the theoretical NIS model is conducted in Section 8.7 where CCR analysis is employed to 
derive causal relationships between the NSI variables and contractors’ level of 
innovation.  
8.2 SELECTION OF REGRESSION TECHNIQUE: STEPWISE VS. BACKWARD 
Based on the discussion in Section 5.4.1.2, the regression techniques to be investigated 
are stepwise and backward regression analysis. To enable a choice of the most 
appropriate statistical tool for this study, the following statistical test is applied to each 
regression technique: 
For the application of regression analysis, local contractors’ investment in 
innovation (LCI) is the dependent variable while the rest are the independent variables 
(LES; MSF; NTC; NIC; CJV; CLP; RDC; CDD; CFD; and CTO) (see Table 6.2 in 
Section 6.5). As the sample size of each sample of countries examined is at least greater 
than thirty (n>30), Z-test is used as the test statistic. Testing at the 5% significance level, 
using a two-tailed probability, the following hypothesis is tested: 
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Ho: Βv = 0. The NSI variable does not have a significant effect on the dependent variable. 
Hence, the NSI variable should not be considered in the formation of the final NSI model. 
Or H1: Βv ≠ 0. The NSI variable has a significant effect on the dependent variable. Hence, 
the NSI variable should be considered in the formation of the final NSI model.  
Where Β is the beta value of the NSI variable while v denotes the NSI variable in 
question. When Β is zero or close to zero, the NSI variable will not have an effect on the 
dependent variable. Ho is rejected when critical values of Z (inferred from t-value) are 
greater/(smaller) than +/(-) 1.645 at α = 0.05.  
Based on this test hypothesis, a comparison of the results between each regression 
technique, derived from the three selected samples, is made. A suitable regression 
technique is selected from these results. The choice of technique is based on two criteria 
(Section 5.4.1.2): the model that provides the higher number of relationships between 
dependent and independent variable; and the model that provides a higher adjusted R-
squared value.  
For all three samples investigated, the backward regression technique presents a 
higher number of relationships between the dependent and independent variables (Tables 
8.1 and 8.2). Similarly, all three samples investigated provide a higher adjusted R-squared 










Table 8.1. Summary of Stepwise Regression Analysis: NSI variables that significantly 
contribute to the local contractors’ level of investment in construction innovation 
     Small  









 Local Export of Construction 
Services 
  √   


















 National Technological Cooperation     
 National Institutions' Investment in 
Construction Innovation 
 
  √  
 Technological Cooperation between 
Local Contractors and National 
Institutions 
 












 Research Capabilities of Local 
Contractors  
  √   
 Construction Labour Productivity  √  √  √  
 Construction Demand     

















 Turnover of Local Contractors  √    
 
Dependent Variable: Local Contractors' Investment in Innovation 
√ Indicates the NSI variable significantly contributes to the dependent variable 






















Table 8.2. Summary of Backward Regression Analysis: NSI variables that significantly 
contribute to the local contractors’ level of investment in construction innovation 
     Small  









 Local Export of Construction 
Services 
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 National Technological Cooperation  √  √  √  
 National Institutions' Investment in 
Construction Innovation 
 
 √  √  
 Technological Cooperation between 
Local Contractors and National 
Institutions 
 












 Research Capabilities of Local 
Contractors 
 √  √  √  
 Construction Labour Productivity  √  √  √  
 Construction Demand   √  √  

















 Turnover of Local Contractors  √  √   
Dependent Variable: Local Contractors' Investment in Innovation 
√ Indicates the NSI variable significantly contributes to the dependent variable 




Table 8.3. Comparison of adjusted R-squared value for stepwise                                           
and backward regression techniques 
                            Technique 
Sample 




Small, lower high-income 0.964 0.966 
Small, medium high-income 0.868 0.890 
Small, upper high-income 0.911 0.936 
Source: Table derived from detailed statistical results in Appendix J: Stepwise - J1.1.1, 
J2.1.1 and J3.1.1; and Backward - Table J1.2.1, J2.2.1 and J3.2.1. 
Hence, backward regression is a more suitable regression technique for the purpose 
of this study (Section 5.4.1). Next section (Section 8.3) thus explains the results of all 
three samples through the application of backward regression technique.    
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8.3 FIRST STAGE OF THEORETICAL MODEL VALIDATION: RESULTS OF 
BACKWARD REGRESSION 
 
The small, lower high-income sample comprises three countries: Australia; Portugal; and 
Spain. Data were collected over a time period of 11 years for each country. This provided 
a total of 33 data points. The backward technique regressed the data of small, lower high-
income countries seven times with a final adjusted R-squared value of 0.966 (Table 8.3). 
This implies the final model of this sample explains 96.6% of the variance in small, lower 
high-income countries’ level of construction innovation by local contractors. Four key 
NSI variables explain 96.6% of the variance in small, lower high-income countries’ level 
of construction innovation by local contractors, they are (Table 8.2): National 
Technological Cooperation (NTC); Construction Labour Productivity (CLP); Research 
Capabilities of Local Contractors (RDC); and Turnover of Local Contractors (CTO). The 
variance inflation factor (VIF) values of these four independent variables are below 10 
(see Appendix J, Table J1.2.2). Hence the backward procedure has removed all highly 
correlated variables from the final model. 
The small, medium high-income sample encompasses six countries, Austria, 
Belgium, Canada, Finland, Netherlands, and Singapore. Data were collected over a time 
period of 11 years for each country. This provided a total of 66 data points. The backward 
technique regressed the data of small, medium high-income countries two times with a 
final adjusted R-squared value of 0.876 (Table 8.3). This implies the final model of this 
sample explains 87.6% of the variance in small, medium high-income countries’ level of 
construction innovation by local contractors. All examined NSI variables, except 
Construction Demand Fluctuation, explain 87.6% of the variance in small, medium high-
income countries’ level of construction innovation by local contractors. These variables 
are (Table 8.2): Local Export of Construction Services (LES); Market Share of Foreign 
Contractors (MSF); National Technological Cooperation (NTC); National Institutions' 
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Investment in Construction Innovation (NIC); Technological Cooperation between Local 
Contractors and National Institutions (CJV); Construction Labour Productivity (CLP); 
Research Capabilities of Local Contractors (RDC); Construction Demand (CDD); and 
Turnover of Local Contractors (CTO). The VIF values of these nine independent 
variables are below 10 (see Appendix J, Table J2.2.2). Hence the backward procedure has 
removed all highly correlated variables from the final model. 
The small, upper high-income sample encompasses three countries, Denmark, 
Norway and Sweden, over a time period of 11 years for each country. This provided a 
total of 33 data points. The backward technique regressed the data of small, upper high-
income countries six times with a final adjusted R-squared value of 0.936 (Table 8.3). 
This implies the final model of this sample explains 93.6% of the variance in small, upper 
high-income countries’ level of investment in construction innovation by local 
contractors. Five key NSI variables explain 93.6% of the variance in small, upper high-
income countries’ level of investment in construction innovation by local contractors, 
they are (Table 8.2): National Technological Cooperation (NTC); National Institutions' 
Investment in Construction Innovation (NIC); Construction Labour Productivity (CLP); 
Research Capabilities of Local Contractors (RDC); and Construction Demand (CDD). 
The VIF values of these five independent variables are below 10 (see Appendix J, Table 
J3.2.2). Hence the backward procedure has removed all highly correlated variables from 
the final model. 
Table 8.2 presents a summary of the NSI variables that significantly contribute to 
the local contractors’ level of investment in construction innovation. 
8.4 EMPIRICAL MODEL OF EACH SAMPLE 
From the results of the backward regression (Appendix J, Table J.2.2.2), the empirical 
model of each sample is constructed as (Section 5.4.1.1, Equation 5.1): 
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Small, lower high-income sample: 
#LCI = (0.0002)(NTC)-0.386 (CLP)2.185 (RDC)1.323 (CTO)-0.445          (Equation 8.1) 
Small, medium high-income sample: 
#LCI = (3.123)(LES)1.082 (MSF)-0.629 (NTC)1.237 (NIC)-0.294 (CJV)0.826 (CLP)-2.324 (RDC)-0.453  
(CDD)-0.429  (CTO)1.023                          (Equation 8.2) 
Small, large high-income sample: 
#LCI = (0.0001)(NTC)-1.381 (NIC)0.217 (CLP)1.248 (RDC)0.627 (CDD)0.532         (Equation 8.3) 
8.5 VALIDATION PROCEDURES AND STATISTICAL RESULTS OF 
EMPIRICAL MODEL VALIDATION 
 
Model validation is carried out in this section on the three model equations that are 
presented in Section 8.4. Diagnostic tests are conducted for each sample of countries. The 
residual plots of R (actual LCI less predicted LCI) versus predicted level of innovation by 
local contractors (predicted LCI) show a random distribution for each sample of countries 
(See Appendix K, Table K1-K3). This confirms that the assumption about normality is 
valid. As explained in Section 5.4.1.1, backward technique statistically removes 
significantly correlated variables. Multicollinearity is thus absent from the models.  
To validate these prediction models further, data on five new countries are 
collected: Greece; Hungary; Korea; New Zealand; and Switzerland. These countries are 
classified into the three concerned samples according to their population size and GNI per 
capita in US dollars (Figure 8.1).  
 
                                                 


















Figure 8.1. Classification of countries for validation of model equation 
 
As each country has valid data only for a limited number of years, the number of 
data points for the validation of each model equation differs. The predicted LCI for each 
sample of countries is derived mathematically from the models. These predicted results 
are compared to the actual innovation levels of local contractors for each sample of 
countries. Three relative measures of accuracy dealing with percentage errors are used to 
compare the predicted results of each sample: 
(a) Percentage error (PE) 
PE =                               
where XAt, is the actual innovation level of local contactors at period t and XPt, is the 
estimated innovation level of local contactors at period t. 
(b) Mean percentage error (MPE) 
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(c) Mean absolute percentage error (MAPE) 
 
MAPE =  
 
where |PE| is the absolute value of the percentage error.  
Authors such as Makridakis et al. (1983), Akintoye and Skitmore, (1994) and Goh 
(1996) suggest that the MPE gives an indication of whether a model has a greater 
tendency to over (negative sign) or under (positive sign) forecast and the MAPE is a good 
measure of the magnitude of the errors incurred by the predicted results. Hence, the 
predictive accuracy of the models can be reflected in their MPE and MAPE values. Blyth 
and Lewis (2004) establish that the lowest absolute value of percentage errors indicates 
the minimum predictive accuracy of the model. The computed values of these measures 
for each of this study’s samples are provided in Table 8.4 and 8.5. 







Lower High Income 





Greece Korea Hungary  New Zealand  Switzerland 
1992 - - -  0.724  5.32 
1993 - - -  4.62  -1.33 
1994 - - -  -7.43  0.632 
1995 -3.04 0.247 2.74  9.10  -9.02 
1996 2.29 0.696 -0.821  1.87  Outlier 
1997 -6.57 2.70 -2.70  3.73  11.0 
1998 7.43 2.49 -4.55  11.9  4.16 
1999 5.72 -2.74 -0.516  3.49  1.24 
2000 -4.18 -7.44 4.29  -5.64  4.16 
2001 5.18 -1.40 4.85  -3.08  -1.88 
2002 11.0 3.85 4.65  7.30  8.27 
(Equation 8.6) ε 
i = 1
n l PE  il 
n 
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Table 8.5. Mean percentage errors of the actual versus predicted data for the three 
samples 
 
In the construction field, Goh (2000) notes that the acceptable limit of MAPE is 
10%, as it would imply that the model is on the average, at least 90% accurate in its 
prediction. Works of Ling (2003) and Dainty and Edwards (2003) establish an acceptable 
MPE value of less than 1%. Nonetheless, Edwards and Holt (2001) suggest that 4.46% is 
also acceptable. Edwards and Holt (2001) argue that the proposition that these values of 
MPE suggest an excellent predictive performance of a model is imprecise. For instance, 
in reality, large PE values occurring are largely cancelled out by large positive PE values. 
The result is a low MPE, which gives a false impression of accuracy. To avoid being 
misled by MPE values, Edwards and Holt (1999, 2001) suggest testing the consistency of 
model predictions through paired t-test. This involves testing whether the difference 
between values of paired observations (actual minus predicted values) is zero (NourusÏis, 
1993). 
The test statistic (t) of the paired t test is calculated from: 
        
 
where, D is the observed difference between actual and predicted values. SD is the 
standard deviation of the differences of the paired observations; and n is the number of 
observed pairs (NourusÏis, 1993). A two-sided test is utilized here because the hypothesis 
(stated below) aims to determine whether there is a difference at all and not simply an 
improvement (as with a one-sided test) (Graham 1994). Testing at the 5% significance 
level, using a two-tailed probability, the following hypothesis is tested: 
 Mean Percentage Error Mean Absolute Percentage Error 
Lower High Income 2.26 4.71 
Medium High Income 2.41 5.35 
Upper High Income 2.26 4.71 
(Equation 8.7)
Ho: μd = 0. The mean difference between predicted and actual observation of local 
contractors’ level of innovation is zero, hence, the model is a consistent predictor of local 
contractors’ level of innovation.  
Or H1: μd  ≠ 0. The mean difference between predicted and actual observations of local 
contractors’ level of innovation is not zero, hence, the model is an inconsistent predictor 
of local contractors’ level of innovation.  
Where μ denotes “mean difference” while d indicates the sample within which the 
difference lies. The results of the paired t-test for each sample are shown in Table 8.6. 
Table 8.6. Paired Samples Test for all three samples 
 
Paired Differences 
95% Confidence Interval 
of the Difference 
 
 
 Mean Std. Deviation 
Std. 
Error 























Predicted .1682 .66491 .21026 -.3075 .6438 .800 9 .444
 
 
8.1 VALIDATION ANALYSES OF EMPIRICAL MODELS  
The inferences that can be drawn for each sample from tables of 8.3, 8.4, 8.5 and 8.6 are 
now presented. 
8.1.1 Validation of small, lower high-income sample 
For the small lower high-income countries, new data from Greece, Hungary and Korea 
were collected (Figure 8.1). Each country provided valid data for the years 1995 to 2002. 
This presented 24 new data points for the validation of small lower high-income 
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countries’ model equation. The PE for this sample ranged from –7.44% to 11.0% (Table 
8.4). This implies that the model has a minimum accuracy of 92.6% in predicting local 
contractors’ level of innovation. In addition, this sample’s MPE of 2.26% (Table 8.5) 
presents an unbiased prediction, without any tendency of disproportionately positive or 
negative errors. MAPE of 4.71% (Table 8.5) is also within the acceptable limits 
established by published literature in the construction field (such as Edwards and Holt, 
2001 and Ling, 2003).  
Having confirmed the model’s appropriateness and predictive power, the validity of 
the results is tested using paired t-test as suggested by Edwards and Holt (1999, 2001). 
With a significant value of 0.072 from the paired t-test (Table 8.6), which is greater than 
0.05, it implies that there is no significant difference between the actual and predicted 
level of innovation by local contractors. Hence, the Ho hypothesis is accepted. This 
reinforces the reliability of the proposed model in addition to the high R2 value of 0.966 
(see Section 8.2, Table 8.3) to conclude that the model for the small lower high-income 
sample is a good one for the prediction of local contractors’ level of innovation in a small 
lower high-income country. 
8.6.2 Validation of small, medium high-income sample 
For the small medium high-income countries, new data from New Zealand were collected 
for the years 1992 to 2002. This presented 11 new data points for the validation of small 
medium high-income countries’ model equation. The PE for this sample ranged from–
7.43% to 11.9% (Table 8.4). This implies that the model has a minimum accuracy of 92.6 
% in predicting local contractors’ level of innovation. This sample’s MPE of 2.41% 
(Table 8.5) suggests an unbiased prediction. MAPE of 5.35% (Table 8.5) is also within 
the established acceptable limits. With a significance level of 0.389 from the paired t-test 
(Table 8.6), which is greater than 0.05, the Ho hypothesis is accepted. This, together with 
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a high R2 value of 0.876 (see Section 8.2, Table 8.3), presents strong evidence to confirm 
that the small medium high-income model has consistent predictive power. 
8.6.3 Validation of small, upper high-income sample 
For the small upper high-income countries, new data from Switzerland were collected for 
the years 1992 to 2002, excluding 1996. Data point for 1996 was excluded, as it is an 
outlier, with an exceptionally high level of local contractors’ level of innovation. This 
outlier may be due to a single unique occurrence, such as the implementation of a special 
R&D project in that year, which is not represented by the variables within the model. The 
exclusion of year 1996’s data point presented a total of ten new data points for the 
validation of small upper high-income countries’ model equation.  
The PE for this sample ranged from –9.02% to 11.0%. This implies that the model 
has a minimum accuracy of 89% in predicting local contractors’ level of innovation 
(Table 8.4). This sample’s MPE of 2.26% (Table 8.5) presents an unbiased prediction and 
MAPE of 4.71%  (Table 8.5) is within the established acceptable limits. Due to the 
significant value of 0.444 that accepts the Ho hypothesis in the paired t-test (Table 8.6), 
and the high R2 value of 0.936 (see Section 8.2, Table 8.3), this study concludes that the 
small upper high-income is a good model for the prediction of the level of innovation 
undertaken by local contractors in a small upper high-income country. 
8.7 SECOND STAGE OF THEORETICAL MODEL VALIDATION: CCR - 
INFERENCES OF CAUSAL RELATIONSHIPS WITH REGRESSION 
ANALYSIS 
 
The causal comparative research in Section 7.2.3 has shown that for all three samples, the 
small, medium high-income sample provides the highest and most stable growth of local 
contractors’ level of investment in innovation over the period of 11 years (1992-2002). To 
identify the causal factors that may have generated the small, medium high-income 
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countries’ level and stability of investments in innovation, regression analyses that 
highlight the key NSI variables are made in this chapter.  
The regression results show that the small medium high-income sample has the 
largest number of key NSI variables that are significantly related to local contractors’ 
level of investment in innovation as compared to the other two samples (Table 8.2). This 
may imply that not only the key NSI variables are effective in influencing local 
contractors to invest in innovation, but also that the assemblage of a large number of 
interacting NSI variables presents the importance of a system of factors that may induce a 
higher level of investments by local contractors. 
The effectiveness of the NSI as a system of interrelating factors is further 
substantiated by the dispersion of key NSI factors over the three critical elements of: 
Cluster networks of firms; Quality of linkages between the cluster network of firms and 
the national innovation infrastructure; and Common innovation infrastructure. 
Specifically, there are three common key variables that are noted to be significantly 
related to local contractors’ level of innovation and originating from each of the three 
critical elements: “National Technological Cooperation” from the first critical element of 
“Cluster networks of firms”; “Research Capability of Local Contractors” from the second 
critical element of “Quality of linkages between the cluster network of firms and the 
national innovation infrastructure”; and “Construction Labour Productivity” from the 
third critical element of “Common innovation infrastructure” .  
Hence, this suggests that the NSI presents a holistic view of the interrelations 
among establishments that jointly and individually contribute to the development and 
diffusion of new technologies. This system of interlinked institutions creates and transfers 
the knowledge, skills and artefacts that define new technologies. It provides the basic 
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framework within which governments form and implement polices to influence the 
innovation process. 
Therefore, to improve the stability of investments in innovation by local contractors 
in the small, lower high-income countries and that in small, upper high-income countries, 
(Section 7.2.3), there may be a need to: first, strengthen the three critical elements of the 
NSI; and second, to increase the interaction among these three critical elements. The 
latter will cultivate a sustainable NSI that can assist the formation of a favourable 
innovation climate within the nation.      
8.8 CHAPTER SUMMARY 
Based on the two criteria of higher adjusted R-squared value and a higher number of 
relationships between dependent and independent variables, the backward regression 
technique is found to be most suitable for this study. Equation models are formulated 
from the backward regression analysis results. Each model is validated statistically and 
has proved to be a good estimator of the level of innovation by contractors. From these 
results, CCR analysis is employed. From CCR it is concluded that a system of 
interrelating NSI variables is able to induce a higher level of investments by local 
contractors. In addition, the three critical elements of the NSI are indeed key elements 









CHAPTER 9: INTERVIEW DESIGN AND ANALYSES 
 
9.1 INTRODUCTION 
This study’s research problem is to investigate the factors within the NSI that promote the 
adoption of an increased level of innovation by construction firms (Section 1.3). To 
provide a firm claim in response to this problem, this study statistically investigated 17 
countries. These 17 countries were divided into four categories according to their country 
size and income (Section 6.4). The statistical results have enabled this study to determine 
the key NSI variables that influences contractors’ level of innovation (Section 8.4). In 
addition, the results have also determined the importance of the interactive effects of the 
key NSI variables in the development and diffusion of new technologies within a country 
(Section 8.7).  
However, the theoretical NSI model (Section 4.4, Figure 4.2) developed from 
literature review encompasses some non-measurable NSI variables that could not be 
statistically validated. Although these non-measurable NSI are only secondary variables 
that facilitate the understanding of the flow of logics within the NSI without any impact 
on the relationships between the key NSI variables, this study had adopted an interview 
approach to verify this. Due to the limitations of resources and to maintain the 
practicability of this study, interviews were only conducted within Singapore. Such 
verification would also enable the localisation of the NSI model to the context of 
Singapore. Thus, enabling this study to fulfil its objectives of promoting construction 
innovation in Singapore through recommendations of business strategies and national 
policies on innovations. 
In the four groups of countries categorized in this study, Singapore was placed in 
the small, medium-income group. Hence, the focus of the findings from this point 
forward is on the small, medium-income group with particular reference to Singapore. 
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This chapter presents a summary of the interview responses by the classification of 
specific topics raised from the discussion of the theoretical NSI model in Chapter 4. The 
research design for the interview approach in this study is presented in Section 5.6. In 
Section 9.2 the interviewees’ responses with the literature review are aligned to provide 
support to the logics in this study’s NSI model, particularly for the non-measurable NSI 
variables utilised in this study’s model.  
The interview respondents are coded as: Local Large Contractors – LC; Local 
Medium Contractors – MC; Local Small Contractors – SC; Foreign Contractors – FC; 
Public Client – PuC; Private Client – PrC; and National Institution – NI. Each of these 
codes is followed by a number indicator of the interviewee (example: LC 2), to provide a 
consistent reference to the flow of arguments of a particular interviewee.  
9.2 ALIGNMENT OF THE LITERATURE WITH INTERVIEWEES’ RESPONSES 
This section provides a summary of the responses gathered from the interviews. Views of 
various construction practitioners are categorised and discussed in line with the specific 
issues of this study raised from the analysis of the theoretical NSI model in Section 4.3.  
9.2.1 Contractors’ perception of innovation risks 
In Section 2.7, it is observed that one of the reasons for contractors’ slow uptake of 
innovation strategies and high dependence on labour is due to the general trend that in 
construction, returns on innovation of construction processes are not commensurate with 
the risks of the investment. Similarly, all nine local contractors interviewed in this study 
noted that monetary risk is the most significant risk factor to consider in R&D. 
Specifically, the setting up and testing of prototypes. Other risks cited in the interviews 
included time, inadequate expertise, fast changing technology and imitation by 
competitors that shorten the lifecycle of inventions. These risks are similar to the factors 
identified by Nam and Tatum (1988) and the hindrances of innovation as discussed in this 
  227
study (Section 2.7). Hence as Reichstein et al. (2005) suggest (Section 4.3.3), 
construction firms have become inherently risk averse.  
FC 1 noted in the interview that the risk averse nature of construction firms is 
inevitable as the failure of an innovation has a greater impact on the construction 
company in general rather than only on the success of the project that the innovation is 
implemented on. He explained that this is due to the long-term process and large volume 
of company resources devoted to innovation. FC 2 observed in another interview that ‘the 
perceived risk of innovation of a construction company boils down to the nature of the 
project, which goes along with the time frame and complexity of the project and its level 
of safety and cost.’  
Therefore, it can be suggested that different contractors have different thresholds of 
risk due to their varying capabilities and business strategies. LC 1 observed that 
‘contractors have to make their decisions on innovation based on quantified risks.’ As 
interview respondent LC 2 noted, ‘R&D can end up as wasteful efforts and resources. 
Bearing in mind that when you tender for projects, no one will ask you if you are 
engaging in R&D. The cost and risk are purely on your shoulders.’ 
Hence, all 12 contractors interviewed in this study agreed that their company’s 
perception of innovation risks does affect their level of investment in R&D. The rest of 
the nine interviewees, which include public and private clients and national institutions, 
established a general agreement that high risks do deter contractors’ from innovating. 
Thus, it can be inferred that the high level of innovation risks generally lowers Singapore 




9.2.2 Consumers’ satisfaction as a driver of contractors’ investment in 
innovation 
 
The views of interviewees on Power’s (2000) notion of a link between consumer 
satisfaction and consumer loyalty in the construction industry were mixed (Section 3.5.2). 
The 12 contractors interviewed generally stated that competitive pricing is a more 
important determinant in winning a project rather than the dependence on consumers’ 
loyalty. However, FC 2 suggested that,  
‘In construction, innovation is able to attract customers as it portrays the 
construction company as a forward-looking and high capability company that is 
able to satisfy the consumer in any complex project without any problems.’  
 
Similarly, FC 1 observed that, 
‘Innovation allows my company to stay at the forefront of the industry. It also 
allows us to catch a market trend due to our increased know-how and experience. 
This usually enables us to satisfy our customers’ demands and build their 
confidence in our service.’  
However, FC 1’s view may be based on the home market view of his company in 
Japan, where demands of consumers may be more advanced in terms of the required 
technology and quality (Section 3.4.3.2). Hence, interview respondent PrC 1 based in 
Singapore, asked, ‘Why should contractors innovate when there is no demand for it? As 
the ultimate recipient of the products, the consumers have to demand it and be willing to 
pay extra for it.’ Likewise, interview respondent PrC 2 questioned,  
‘Who does not want to produce quality products that meet their consumer’s level 
of satisfaction? But are consumers willing to pay for it? Furthermore, there has to 
be adequate demand for construction work to sustain the survival of contractors 
before you can talk about increasing consumers’ level of satisfaction.’ 
 
Similarly, interview respondent PrC 1 observed, ‘If there isn’t a sustainable flow of 
work, why should contractors be conned into providing high technology?’ Interview 
respondent PrC 2 further argued that,  
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‘… in any market, the consumer has a basket from which they pick what they 
desire in their product. They need to know what they want and demand it. In the 
construction market, how do consumers know what products are available? They 
have to be educated about it. Buyers of condominiums look at brochures, talk to 
agents, look at show flats. Why? They are forming their basket from which they 
can pick their products. Who are educating them? It is the developers. They 
translate what the consumers’ wants to the contractors.’ 
Interview respondent PuC 2 provided an example on educating consumers. He 
explained that on purchase of an apartment, the HDB provides a user manual on detailed 
drawing of electrical and plumbing elements. Apartments with a prefabricated toilet are 
accompanied with user manuals that detail how owners are able to service their own 
toilets. Interview respondent PuC 2, the initiator of these manuals, stated in the 
interview,  
‘Just like each car has its own manual, I want each apartment to come with a 
manual for the buyer. He can know how to use and service his apartment just like 
how he can use and service his car. This is how we can widen our consumers’ 
knowledge and increase the sophistication of our constructed products.’   
 
9.2.3 Profit maximisation as a driver of contractors’ investment in innovation 
All 21 interviewees agreed that profit is the basic motivational force for innovation. This 
is similar to Schumpeter (1934) and Porter and Linde’s (1995) observation that firms are 
essentially seeking rents (Section 3.5.1). Interview respondent LC 3 provided that 
‘Survival comes before R&D. There must be available profit to fund R&D’. This opinion 
generally reflected the viewpoint of the 12 contractors interviewed and is in line with the 
discussion in Section 3.4.3.3. Interview respondent FC 2 observed that ‘the ability to set 
aside certain margins and being prepared to do so is important. Money in excess is very 
important. Company not making money will of course cut down in R&D and transfer 
such money to essential survival.’ FC 2 provided a similar opinion in another interview, 
noting that ‘You need money to spin more money.’ Interview respondent FC 1 explained,  
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‘Financial capacity directs how far you can go [in innovation]. Japanese 
contractors or any large foreign contractors usually have over 100 years of 
history. For us, we are a contractor and also a developer. We have our own 
investments in properties, and many other assets. Therefore, when we secure 
loans from banks, they are willing to provide the necessary loans because we are 
able to provide the required collaterals. How many contractors in Singapore are 
also developers? The only one that I can think of is Low Keng Huat. But in recent 
years, they have been playing low.’  
 
From the viewpoint of a local contractor, interview respondent LC 2 observed,  
‘Foreign companies such as those in Japan have 500 years of history. How many 
firms in Singapore have even 50 years? Foreign companies have the essential 
backing from their banks. Such as Dragages and Shimizu. If local contractors 
obtain loans from local banks, these banks would sue once a single payment is 
defaulted. Local banks do not support the local construction industry. Without 
money, how can you compete?’  
Clients also gave similar viewpoints: interview respondent PrC 1 observed, ‘Where 
can local contractors get the money from [to innovate]? Without money there is nothing 
much more to say.’ These responses from the interviewees are in line with Seaden et al.’s 
(2003) observation that there is a significant relationship between profitability and 
business innovation. 
Contrary to the point made by the OECD (1997a) (Section 3.5.1), the contractors 
interviewed in this study generally do not perceive innovations to be able to provide them 
with a competitive edge in having a combination of lower price and a higher mark-up 
than their competitors. They believed that innovation offers non-monetary benefits. For 
example, interview respondent SC 1 noted that,  
‘There must be substantial reasons to engage in R&D. For instance, for us, 
innovation is our strategy to establish rapport with our clients, which may perhaps 
in turn provide future benefits. Future benefits such as clients’ willingness to 
award more projects to us.’  
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The contractors from large construction firms (Section 5.6.2.1) interviewed, also 
observed that there are other non-monetary returns such as recognition and prestige that 
differentiates their company from the rest. Hence, interview respondent NI 2 suggested 
that in addition to the two drivers identified by this study, ‘in order to get the industry to 
respond to the market, there is a third driver, “policy and regulation” that drives the 
contractors in the direction required to improve their efficiency and performance.’ 
Similarly, interview respondent NI 1, commenting on the strategy of national institutions 
in transferring the right signal to the local contactors to induce them to innovate noted 
that ‘legislation such as buildability score and assessment schemes such as CONQUAS 
may be able to provide the results.’  
9.2.4 Technological cooperation in construction innovation 
From the interviews, contractors viewed partnerships in construction innovation as a 
threat to their established competitive advantage in the industry. This is contrary to the 
literature (Section 3.4.1.3) which noted that it is no longer productive for a company to 
depend only on its own capabilities for innovation. Greater cooperation between 
companies is essential for efficient and faster advancements.    
Interview respondent SC 3 observed ‘Loss of competitive advantage from imitation 
by your partner or competitor is a risk in itself.’ When further questioned whether patents 
will be able to reduce such risks, interview respondent SC 3 replied, ‘Patents are too 
difficult and costly to apply. Anyway, we are unsure or rather we do not really have the 
time to find out the procedure for patenting.’  
Even for the larger construction firms in Singapore, collaboration with related and 
supporting industries is not attractive: interview respondent LC 3 explained,  
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‘We will not search for a partner for collaboration. If new knowledge is required 
we will hire someone outside to help us. Partnering will only allow the new 
products and processes to be leaked out.’  
 
Interview respondent FC 1 explained,  
‘I believe in any business, branding is important. You want people to know you 
are the only company that is able to provide a particular product or service. That 
is what makes you different and the core reason for people to search for you’.  
 
There was a general agreement among all 21 interviewees that collaborations in 
construction innovation are able to reduce innovation risks and costs. The theoretical NSI 
model (Sections 4.3.8 and 4.3.9) has offered two possible construction innovation 
partners for contractors: related and supporting industries and the government. Interviews 
with construction practitioners suggested that most small to medium construction 
companies perceived collaborations with government-linked institutions to be fraught 
with bureaucracies. They do not envisage a balance of power in such partnership but 
deem national institutions to be overpowering partners. Interview respondent SC 2 noted 
that ‘Unless the innovation requires approval from the government, then maybe, 
considerations for national institutions to be one of the collaboration parties will be 
taken.’   
All six small and medium sized local contractors prefer collaborations with related 
and supporting firms to national institutions as interview respondent SC 3 explained,  
‘Cooperation with suppliers would mean that we will have the necessary 
equipment to do testing [of prototypes]. We cannot afford to buy machines just 
for testing [of prototypes], as they are generally very expensive. Suppliers on the 
other hand are willing to work together with us because the research will involve 
materials supplied by them. If a new product or construction process is successful, 
the application of such in our projects will definitely increase the demand for their 
products. They will benefit from this increased sales.’ 
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Large construction firms generally had a more optimistic view of partnerships with 
national institutions. Interview respondent LC 2 provided that given a choice, his 
preference will be collaboration with national institutions as,  
‘Equipment suppliers say for excavators, are usually from Germany and 
Switzerland. Such huge international suppliers do not need us as R&D partners. 
Singapore market is too small for them to cater to. On the other hand, national 
institutions have rich resources which we would be able to tap on. Furthermore, 
when a letter of approval is required for any new technologies, it makes it much 
simpler to have the government on your side.’  
 
Thus, large contractors have a more strategic approach to the selection of partners 
as interview respondent LC 1 clarified,  
‘It [selection of partners] really all depends on what the other party hope to gain 
from you. There has to be returns on both parties. Understanding their purpose to 
collaborate with you is also part of the decision process. You do not want them to 
gain something that will be disadvantageous to you in the long run.’  
 
The difference in the preference of innovation partners in relation to the 
construction companies’ sizes may be due to the reasons cited by Betts and Ofori (1992) 
and the discussion of Schumpeter’s (1943) notion of the relationship between firm size 
and level of investment in innovation (Section 2.7). Nonetheless, FC 3 suggested that ‘In 
terms of R&D, companies should adopt an open and wide strategy. They should consider 
all agencies and related firms as possible partners.’ A statement from interview 
respondent LC 1 may best summarise the industry’s opinion on collaborations within the 
construction industry,  
‘We cannot choose what we want, where we want. Innovation is something that is 
down to the basic: to find something that suits your condition at the present 
moment that aligns with your business strategy. You do it because of the needs of 
your core business.’ 
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9.2.5 Industrial clusters 
All 21 construction practitioners interviewed had never participated in any industrial 
clusters in Singapore’s construction industry. This suggests that there are none, or few 
industrial clusters in Singapore. However, interview respondents FC 1 and FC 2 noted 
that in their home countries, their companies do participate in such cluster networks. They 
cited benefits gained from such networks as: cost savings; reduction of duplication of 
efforts; and the increased competitiveness in the international construction market. As 
Kogut (1998) observes, network capability is increasingly regarded as a source of value to 
firms, contributing to learning and knowledge generation. In fact, networking has become 
an effective innovation technique in its own right (OECD, 1999). Meyer-Krahmer (2001) 
suggests that companies benefiting primarily from the collaboration results of co-
operative research may also include secondary benefits such as technology transfer to 
their subsidiaries. In construction, technology transfers possibly include the transfer to 
various projects of the innovating firm. This may be a typical R&D strategy of foreign 
companies as interview respondent FC 1 explained,  
‘We have R&D departments in Japan where researchers are just working full time 
on innovations and basic research that are supported by universities and joint 
collaboration with other companies. Literature of such R&D are sent over to 
Singapore where we will review and determine if they can be implemented in our 
projects in Singapore.’ 
 
However, as discussed in Section 3.4.2.2, the literature review has observed that 
there is a continuous argument on the impact of competitiveness and cohesion of 
enterprises on innovation. Meyer-Krahmer (2001) observes that co-operative research 
limits competition, a stimulant of R&D by firms. This may be in conflict with 
Singapore’s strategy of encouraging industrial development through competition (Section 
2.8.2). Hence, Schibany and Polt (2001) observe that cluster networks are not always the 
best arrangements for complex economic interactions. For instance, interview respondent 
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PuC 1 questioned ‘Why do you need a cluster or a network now when there is 
globalisation? Why do you need to stick to each other? Profit is still the most important 
way to go.’ Similarly, interview respondent PrC 1 argued that,  
‘In Singapore the playing field is too small. Why concentrate on such a cluster 
when we are in each other’s way? We have own worries to take care of. Why 
should we play Red Cross to one another? Anyway in Singapore, each company 
is at a different stage of development. Some are starting, some are at their mature 
stage, how can such companies come together and work collectively?’ 
 
However, PrC 1’s statement was based on the myopic view that clusters are limited 
by national boundaries.  
Interview respondent PuC 1 further observed that ‘trust is the key element in such 
clusters, without it, the whole concept will fail.’ However, it is difficult to establish the 
level of trust required. Interview respondent SC 3 stated that ‘imitation is the greatest fall 
of innovation. Why should my company be in a network that encourage that?’ Interview 
respondent NI 1 observed that ‘no one would want to share their knowledge and trade 
secrets.’ Interview respondent FC 3 provided the reason that ‘the fragmentation of the 
industry and the sense of competitiveness is too strong for a mutual sharing of 
information. People can come together but the essence of knowledge shared may not be 
beneficial.’ Interview respondent SC 1 even went as far to state that, 
‘The cluster network is important for the industry but not for the small contractor. 
It is hard for a small player to establish reputation and acknowledgement of skills 
and experience within such a cluster of companies with high technological 
capabilities. It is already tedious to “work” with the larger contractors. Large 
contractors often place a “pressure” on the small contractors to prove themselves 
which can be stifling on the contractor’s advancement in capabilities. How could 
we possibly gain neutral standing and respect in such a network?’   
Therefore, although authors such as Gann (2000) and Winch (2003) argue for the 
importance of exploiting the linkages of different value chains within the larger 
innovation system of the national economy, for construction to utilise the cluster network 
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as the “innovation dynamo”, as suggested by OECD (1997a) in Section 3.4.1, national 
policies have to vigorously promote such network collaboration. As interview respondent 
NI 1 observed, ‘It is difficult for contractors to collaborate as inevitably, they are 
competitors within the same market.’ 
9.2.6 Market share 
The relationship between market share and profitability is discussed in Section 3.4.1.2, in 
particular, the motivation to increase the former is due to the latter is noted. Construction 
practitioners’ view of the importance of the role of profit maximisation to innovation is 
discussed in Section 9.2.1. 
Contractors interviewed in this study generally agreed that when their companies’ 
productivity and quality improve, there would be an increase in the demand for their 
company’s services in Singapore. However, the impact of productivity and quality on 
construction costs, and hence profit, differs. Results of the interviews of 21 construction 
practitioners showed that 20 of them agreed that quality does increase construction costs, 
whereas productivity should reduce it. Only one private client, PrC 2, argued that 
although productivity should reduce construction costs, improved quality does not 
necessarily increase costs. He believed that contractors would provide the best quality 
within their budgets.  
Nonetheless both improvements, productivity and quality, can be developed from 
construction innovation, which may involve substantial investments and company 
resources. However, due to their differing impact on the construction costs of individual 
projects, the transferability of their development costs to clients differs. For example, to 
clients, higher productivity through new management techniques or equipment is just a 
differentiation tool with which they can sieve the better contractors from the others. As 
long as contractors are able to finish the projects within the contract time, productivity is 
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not a specific requirement but a bonus. The construction firm with such competitive 
advantage often wins the tender. Productivity is not a tangible product that clients can sell 
to their consumers. Hence, it is not something they will usually pay for. Interview 
respondent PuC 1, stated,  
‘If contractors are more productive, why should I pay them? Higher productivity 
means they are able to do the same work with fewer workers. They should be 
giving me a discount!’  
 
However, interview respondent PuC 1 provided a different response for quality 
products.  
‘Yes. I will pay for quality. But I will justify it through the CONQUAS score say 
in a performance contract. You have to hit the stated score or I will not pay the 
price premium. Instead, you will face a penalty.’  
 
Interview respondent FC 3 provided the example of Far East Organisation which 
was able to sell its developments at a higher price by proclaiming that their CONQUAS 
score is high. From this, it would appear that quality could be sold for a premium to 
consumers but not productivity. On the other hand, productivity is a hidden benefit whose 
transferability to consumers is only dependent on clients’ business strategies. Clients 
mainly reap the benefits gained from productivity through earlier sale or rental revenues. 
Nonetheless, not many clients will be willing to pay an upfront premium for productivity 
either in terms of accepting higher tender prices or discounting the consumers’ product 
price, when there are no guarantees of such returns. 
SC 1 further suggested that an innovative construction method’s ability to attract 
clients is also dependent on the type of clients, 
‘If my company has a work history with the client, it will be much easier to 
“push” for innovative construction methods. We are not like the large contractors 
who will find it easier to gain permission for a certain use of innovation. 
However, if it is a public client, usually lowest tender wins. Hence, lower cost is a 
more effective strategy rather than innovative construction methodology. Even if 
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a new technology is used in a public sector project, the risk of going bankrupt due 
to the costs of innovation is too high.’ 
 
Similarly, PuC 1 stated, 
‘Government sector is always thinking of justifying construction cost. I will be 
putting my head on the chopping board to adopt a new construction process that is 
not proven to be successful’ 
 
Hence, interview respondent PrC 2’s suggested that,  
‘It does not matter if you are a contractor, architect or engineer. At the end of the 
day you have to look at who is the recipient of your product. You want to be a 
better contractor to whom? Who is the recipient? You have to drive innovation 
and deliver it in the way that counts. This is consumer profiling, the identification 
of your target market segment.’ 
 
These notions are supported by the TCL b6 (Section 4.3.5), which showed that with 
improved construction productivity and quality, local contractors are able to capture an 
increased local market share. Both private and public clients interviewed maintained that 
they do not have a preference between foreign and local contractors. However, they do 
have the perception that foreign contractors have a higher calibre than local contractors. 
Interview respondent PrC 1 explained,  
‘Foreign contractors provide better program, more dedicated engineers. In 
addition, they have the support from their headquarters in say Japan. If any crisis 
occurs, there will be hoards of engineers coming down for rescue work. Do you 
think local contractors have such capabilities? Local contractors are not even able 
to retain their staffs!’  
Interview respondent PrC 1’s perception of the divergence of capabilities between 
foreign and local was not new as it is aligned with Ho’s (1987) observation that foreign 
firms’ competitive edge over local firms is due to their superior capabilities. This clearly 
supports the notion portrayed by TCL b6 that the party with superior capabilities will be 
able to capture a larger share of the local market.   
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9.2.7 Dependence on technology transfers 
Interviews of nine local construction companies of various sizes indicated that two of the 
large contractors had or were engaged in joint ventures with foreign contractors, five of 
the small and medium firms had worked as subcontractors of foreign companies while the 
remaining two contractors had never worked with foreign contractors. Of the three 
foreign contractors interviewed, all had engaged or were engaging local contractors as 
their subcontractors for projects in Singapore. Congregating the interviews of these 12 
construction companies, there were four factors that were cited that differentiated foreign 
contractors from the local ones. They are construction management skills, technology 
capability, immense support from headquarters in their home country and strong financial 
capability. 
From the literature review of Singapore’s construction industry (Sections 2.8.2 and 
2.8.3) and Raftery et al.’s (1998) suggestion, it is observed that to maintain the pace 
envisioned for a country’s economic and infrastructure development, active involvement 
of foreign capital, technology and management know-how should be encouraged. As 
foreign contractors subcontract portions of their projects, many local contractors will have 
the opportunity to work with them. Therefore, there will be direct and indirect technology 
transfer (Ofori, 1996). Hence, the capacity and effectiveness of local contractors in host 
countries will increase and the number with export and research capability will rise 
(Movenzadeh and Hagopian, 1984). These comments have been structured in this study’s 
NSI model (see Sections 4.3.5 and 4.3.6, TCL b5, r7 respectively) and the national 
institutions interviewed in this study supported these logics.   
From the interviews (Section 9.2.6), all but one construction practitioner agreed that 
there is transfer of technology. Interview respondent LC 2 observed that foreign 
contractors do not disclose their technology due to their protectiveness over their 
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technology. The rest of the construction practitioners observed that although there is 
technological transfer, such transfer is mostly indirect. Interview respondent NI 2 stated 
that, ‘foreign contractors offer a guiding system rather than a clear transfer of 
technologies.’ For instance, NI 1 explained,  
‘Some technology are hard to copy. For example, the French construction 
company, Dragages, has a unique formwork system that is hard to imitate. 
Furthermore, Dragages only employs their workers to implement the formwork. 
Hence, although it is possible for local contractors to imitate, it takes time for 
local contractors to develop similar technology.’  
Likewise, interview respondent SC 3 stated that the firm’s innovation strategy is 
based on the imitation of foreign construction companies’ technology and to further 
improve on it when possible. Construction practitioners also noted that it is not usually 
technology that is being transferred but the management skills. Interview respondent LC 
2 provided the reason,  
‘Japanese contractors’ projects are huge 500 to 600 million dollars projects. How 
can a subcontractor learn the technology of the whole project when all he does is 
a tiny part of the entire project? Impossible.’  
 
Nonetheless, interview respondent FC 2 noted that subcontractors do gain from 
working with foreign companies, ‘Subcontractors benefit from the process as it is planned 
by the main contractor.’ Interview respondent FC 3 explained further in another 
interview,  
‘When a main contractor demands reports on work methodologies, which is 
typical of a Japanese firm, subcontractors learn to detail and plan before starting 
work. The management and planning techniques are passed down in such 
manner.’  
 
Interview respondent FC 2 further provided an example of Evergreat Construction 
Company (Pte) Ltd, which was once a subcontractor under his company. Through various 
projects with his company, Evergreat Construction Company is now a grade A1 (see 
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Appendix D) main contractor. On whether this has an impact on his company’s 
competitiveness, interview respondent FC 2 stated ‘Yes, we lose our competitiveness, but 
this is the way to do business and we continue to grow on our own.’  
However, interview respondent NI 1 observed that technology transfer could occur 
‘only when local contractors are willing to learn.’ Interview respondent NI 1 supported 
this with an example,  
‘For instance take difficult sewer projects. Even when local contractors employ 
foreign experts, their perception is such that since they may not get the next sewer 
project why learn from the expert? Even if the next sewerage is awarded to them, 
they can always fly in another expert.’  
 
Thus as Cohen and Levinthal (1990), Gann (2001) and Schibany and Polt (2001) 
advocate, there has to be “absorptive capacity” for innovation to take place (Sections 
6.3.7 and 11.3.5). 
9.2.8 Influence of exports on contractors 
Construction practitioners interviewed in this study provided that the difficulties of 
exporting their construction services overseas include: different code of 
practices/regulations; language and cultural barriers; lack of knowledge and an 
established network of material and equipment sources; and the need to transfer home 
countries’ knowledge workers overseas. Small contractors in particular noted that they 
lack the knowledge of the specific procedure to export their services. However, interview 
respondent NI 1 observed that the BCA in Singapore does offer valuable information on 
potential international construction markets. Interview respondent NI 1 stated,  
‘The BCA website includes an “export section”. It specifically provides 
information on how and where contractors would be able to obtain projects in 
foreign countries. To obtain such information for the construction industry, BCA 
officers made trips down to these countries to find potential international projects 
for the local contractors. However, the local contractors, especially the smaller 
ones, do not even try to access the BCA website themselves.’   
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In the interviews, most construction practitioners established that their motive for 
exports is to establish new markets and target wider segments of the market. They 
perceived that the market in Singapore is too small and the availability of projects is 
declining, hence, there is a need to move to other countries. This phenomenon is similar 
to the past experience of the Japanese construction companies. FC 1 observed that 
Japanese contractors used to cater only to their domestic market. However, as they 
envisaged a declining domestic demand, most of the Japanese companies strategised to 
exploit the international market.  
Hence, FC 3 observed that “competitiveness” is the underlying factor for the 
exportation of construction services to promote construction innovation. He stated, ‘only 
when contractors feel that their competitive advantage is under threat, then they would 
consider R&D’. Interview respondent NI 1 observed that the extent to which the export of 
construction services is able to promote local contractors to innovate is dependent on the 
character of the importing country. She explained that ‘In less developed countries than 
Singapore, where labour is cheap, advanced technology is not required. Only when labour 
costs increase to an extent that it exceeds the costs of technology, then contractors will 
start to think about using technology.’ This presents a similar notion discussed in Section 
2.8.3 on the current export situtation of Singapore’s construction indsutry. 
However, Interview respondent LC 3 admitted that to compete in the international 
market, ‘you can’t compete based purely on the norm, on what you have in Singapore. 
There is a need to provide high quality that creates a demand for your services.’ 
Nevertheless, contrary to Hamalainen and Schienstock’s  (2001) view that knowledge is 
inadequate in a single economy or location to develop specialised expertise and there is 
an increasing need to search for expertise and specialised knowledge elsewhere (Section 
3.4.1.1), Singapore contractors’ strategies are such as displayed by interview respondent 
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LC 2, ‘Only when we can establish ourselves with what we have in Singapore, then we 
might consider looking at regional sources or venture abroad.’ Hence, the responses of 
interviews of this study suggest that the main motivation of exports is to provide a viable 
strategy for construction companies in view of a declining domestic market. Hence, 
innovation plays a significant role in such strategies, as it is a means to maintain 
companies’ competitive edge in the competitive international market.  
The responses from the interviewees suggested that the extent to which the export 
of construction services is a viable tool to promote construction innovation is based on 
two factors of which the first is the sophistication of demand of the importing country and 
second of which is the availability of knowledge. Knowledge in terms of the required 
procedure of exports and the extent to which contractors exploit the expertise and 
specialised knowledge external to their domestic network of related and supporting firms 
in establishing their competitive advantage.   
9.2.9 Construction industry’s commitment to innovation 
As discussed in Section 9.2.7, to realise construction innovation by contractors, the firms 
require “absorptive capacity”, the willingness to learn. Porter (1990) observes that to 
encourage a company to upgrade itself, there must be sustained commitment to the 
industry with the presence of active rivalries. In Singapore, the culture of contractors is 
such as described by interview respondent LC 2 ‘The informal philosophy of my 
company is “If it costs money, we don’t talk about it”’. As interview respondent PrC 2 
pointed out, ‘Contractors often jump the gun even before you can say the letter R in 
R&D. Why? Because immediate profit is the only thing on the minds of these 
businessmen.’  
Interview respondent NI 1 observed ‘Many [contractors] are not committed. There 
are even instances of contractors giving up halfway through a collaborative R&D project 
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with BCA.’ Thus as interview respondent NI 3 observed, ‘Contractors always provide the 
same reasons of “No time. No money”.’ Hence, ‘the mindset of contractors has to 
change.’ Therefore, interview respondent NI 1 suggested that ‘Management involvement 
is very crucial. Management must believe in it [R&D] and must think that there is need to 
do so.’ This study’s interview responses thus suggested that contractors’ commitment to 
innovation is a requirement for innovation to flourish within the industry. 
9.3 CHAPTER SUMMARY 
This chapter has provided in Section 9.2, a summary of the responses gathered from 
this study’s interviews. These interview responses are categorised according to the 
specific themes of this study raised from the discussion of the theoretical NSI model in 
Chapter 4. Hence, the interview method of this study would, together with the statistical 
evaluation, facilitate the validation of the logics of each causal loop developed from 
literature in the later Sections of 10.3 and 10.4. This would demonstrate the merits of this 
study’s interview approach.  
The alignment of the interview responses to the literature raised various issues from 
the viewpoint of enterprises with regards to the competitive business strategies and 
favourable national policies that would promote construction innovation. These issues 
raised establish the discussions of the application of the NSI in Singapore’s construction 
industry in Chapter 11. Hence, to further facilitate the understanding of the divergence 
and convergence of construction practitioner’s view on innovation practices, a table 
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Contractors interviewed in this study generally agreed that when their companies’ 
productivity and quality improve, there would be an increase in the demand for 
their companies’ services in Singapore. Hence, local contractors generally 
considered the factor of “consumer satisfaction” when strategising their approach 
in the development of a “brand” for their enterprises. They also viewed branding 
as an increased advantage during tendering procedures. Thus, local contractors felt 
an increased pressure to maintain their reputation by developing new technologies 
and efficient management systems such as the implementation of IT systems. 
Nonetheless, to the local contractors, competitive pricing is a more important 
determinant in winning a project rather than the dependence on consumers’ loyalty 
developed from efficient and innovative processes. In addition, local contractors 
noted that monetary risk is the most significant risk factor to consider in making 
decisions on R&D.  
Local contractors viewed partnerships in construction innovation as a threat to 
their established competitive advantage in the industry. Furthermore, they agreed 
that technological transfer from foreign firms to local ones is mostly indirect as it 
is not usually technology that is being transferred but the management skills.  
Lastly, local contractors noted that the difficulties of exporting their construction 
services overseas include: different code of practices/regulations; language and 
cultural barriers; lack of knowledge and an established network of material and 
equipment sources; and the need to transfer home countries’ knowledge workers 
overseas. 
Large Contractors 
The large construction firms interviewed, observed that innovation could also 
offer other non-monetary returns such as recognition and prestige that 
differentiates their companies from the rest. They perceived that the market in 
Singapore is too small and the availability of projects is declining. Hence, there is 
a need to move to other countries and advanced technology and management 
know-how provide them with the capability to do so 
The large contractors considered collaboration with related and supporting 
industries unattractive as they intend to develop their brand name through 
providing services and technologies that are entirely new. Nonetheless, large 
construction firms generally had a more optimistic view of partnerships with 
national institutions due to the ease of obtaining government approvals when 
required.  
Medium Contractors 
Medium-sized construction companies perceived collaborations with government-
linked institutions to be fraught with bureaucracy. They do not envisage a balance 
of power in such partnerships but deemed national institutions to be overpowering 
partners. Thus medium-sized construction companies generally prefer 
collaborations with related and supporting firms. 
Small Contractors 
The small contractors generally viewed innovation as a strategy to establish 
rapport with clients. They also noted that the ease of introducing novel processes 
or products increases with increasing prior work engagements with the client. 
However, they considered collaborative partnerships improbable strategies as they 
deem the loss of competitive advantage from imitation by their partners or 
competitors as a risk in itself. This may be attributed to their perception that 
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patents are too difficult and costly to apply for. Small contractors also 
acknowledged their deficiency in the knowledge of specific procedures to follow 
to export their services. 
Foreign 
Contractor 
Foreign contractors agreed that innovation investments such as new IT 
management systems and staff training do improve their research capabilities.  
Hence, foreign contractors observed that their financial capacity directs how far 
they can go in innovation. 
Foreign contractors generally viewed innovation as an important tool in attracting 
customers as it portrays the construction company as a forward-looking and high 
capability company that is able to satisfy the consumer in complex projects. 
Foreign contractors generally deemed cluster networks as beneficial as they 
provide incentives such as: cost savings; reduction of duplication of efforts; and 
the increased competitiveness in the international construction market. They also 
agreed that local contractors do improve in their management capabilities and gain 
new technological knowledge when they collaborate with foreign contractors.  
Clients Clients generally agreed that profit is the basic motivational force for innovation. 
Hence, they remained doubtful about the formation of cluster networks in 
Singapore. Singapore’s market is too small to support such structures and the 
intense competition within the industry does not encourage the cultivation of trust 
and inter-organisational learning that a cluster concept would require.  
All clients except one private client acknowledged that consumers are generally 
willing to pay for quality rather than increased productivity. Thus, they agreed that 
consumers’ willingness to pay for an innovation is an important consideration in 
contractors’ innovation strategies. 
All clients except one private client agreed that improved construction 
productivity will decrease costs while increased quality will increase costs. Hence, 
they suggested that the transferability of the innovation costs to clients differs with 
regards to the extent of productivity and quality benefits gained from the intended 
innovation. 
Public Client 
Public clients agreed that the need to justify the use of public funds inhibits the 
adoption of innovation processes and products on public projects. 
Private Client 
Private clients generally have the perception that foreign contractors are of a 
higher calibre than local contractors. Hence, similar to the responses of local 
contractors, private clients felt that there is increased pressure on the contractors to 
maintain their reputation through new technologies and efficient management 
systems such as the implementation of IT systems.  
National 
Institutions 
The national institutions noted that the high level of innovation risks generally 
lowers Singapore contractors’ level of investment in innovation. Therefore, they 
suggested that in order to get the industry to respond to the market, the 
government should consider using policy and regulations to encourage the 
contractors to innovate. In addition, they also identified educating consumers as 
key in raising the level of innovation within the industry. However, national 
institutions emphasized the need for contractors to increase their level of 
commitment to innovation. Nonetheless, they also acknowledged the difficulties 
of contractors engaging in collaborations, as inevitably, they are competitors 





CHAPTER 10: CONSTRUCTION OF THE FINAL NSI MODEL 
 
10.1 INTRODUCTION 
This study has completed the first and second validation stages of this study’s NSI model. 
This section presents the third and final stage of the validation of the NSI model, the 
Pearson Correlation analysis. This validation is supported with the feedback from 
interviews (Section 9.2). The methodology of this validation is presented in Section 10.2 
and its results in Section 10.3. The final NSI model is developed and its results presented 
in Section 10.4. As this study’s focus is on Singapore, discussions of the interactions and 
dynamism of the NSI center on the small, medium high-income countries in general and 
on Singapore in particular. 
10.2 METHODOLOGY FOR VALIDATION OF CAUSAL RELATIONSHIPS IN 
SYSTEMS THINKING 
 
The third stage of validation in this study investigates the significance and direction of 
interrelationships among the key NSI variables. Pearson Correlation is utilised for this 
purpose (Section 5.4.3). For Pearson Correlation, NSI variables are tested at the 1% and 
5% significant value. The SPSS program is utilised for this statistical computation. 
However, the relationships between the NSI variables can be in two forms, non-linear and 
linear. To ensure that all significant relationships within the NSI model are examined, this 
study has to capture the right interrelationships between the NSI variables.  
Therefore, this study investigates two Pearson Correlation results. The 
interrelationships among the NSI variables are first based on log-linear data and second, 
on raw data. The former depicts the significance of non-linear relationships between the 
NSI variables and the latter, linear relationships. The choice of utilising log-linear or raw 
data is determined by the graphical analysis of the interrelationships among the NSI 
variables from their raw data (Appendix L).  
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Table 10.1 provides the summary of these relationships. “NL” denotes non-linear 
relationships while “L” denotes a linear one. From Table 10.1, the appropriate references 
can be made to the right Pearson Correlation result. For “NL”, results of non-linear 
relationships are presented in Table 10.2. For “L”, results of linear relationships are 
presented in Table 10.3. The denotation “X” implies that no significant relationship exists 
between the two key NSI variables.  
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Table 10.1. Summary of statistical relationship between each NSI variable 
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Table 10.2. Pearson Correlation results of relationship between each NSI variable based on log-linear data 







































Pearson Correlation 1 .453** -.345** -.245* .533** .409** -.232* -.231* .480** -.145 .704** 
Sig. (2-tailed) . .000 .004 .048 .000 .001 .049 .049 .000 .245 .000 
Local Contractors' 
Investment in Innovation 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .453** 1 .546** .011 .190 -.167 -.219 .215 .178 -.030 .306* 
Sig. (2-tailed) .000 . .000 .933 .127 .180 .078 .083 .152 .810 .013 
Local Export of 
Construction Services 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.345** .546** 1 .040 -.524** -.285* -.322** .286* -.399** .082 -.448** 
Sig. (2-tailed) .004 .000 . .750 .000 .020 .008 .020 .001 .512 .000 
Market Share of Foreign 
Contractors 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.245* .011 .040 1 .017 .030 .020 .350** -.140 .050 -.257* 




  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .533** .190 -.524** .017 1 .113 .195* .178 .689** -.151 .823** 







66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.409** -.167 -.285* .030 .113 1 -.069 .318** .224 -.237 .186 
Sig. (2-tailed) .001 .180 .020 .810 .367 . .580 .009 .070 .055 .134 
Technological cooperation 
with National Institutions 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.232* -.219 -.322** .020 .195* -.069 1 -.189 .246* -.090 .196* 




  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.231* .215 .286* .350** .178 .318** -.189 1 .255* -.110 .077 
Sig. (2-tailed) .049 .083 .020 .004 .153 .009 .129 . .039 .381 .539 
Research Capabilities of 
Local Contractors 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .480** .178 -.399** -.140 .689** .224 .246* .255* 1 -.321** .857** 




N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.145 -.030 .082 .050 -.151 -.237 -.090 -.110 -.321** 1 -.247* 




  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .704** .306(*) -.448** -.257* .823** .186 .196* .077 .857** -.247* 1 
Sig. (2-tailed) .000 .013 .000 .038 .000 .134 .045 .539 .000 .046 . 
Turnover of Local 
Contractors 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
**  Correlation is significant at the 0.01 level (2-tailed). 
*  Correlation is significant at the 0.05 level (2-tailed). 
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Table 10.3. Pearson Correlation results of relationship between each NSI variable based on raw data 







































Pearson Correlation 1 .606** -.159 .040 .393** .541** -.194 .321** .376** -.058 .485** 
Sig. (2-tailed) . .000 .203 .751 .001 .000 .119 .009 .002 .645 .000 
Local Contractors' 
Investment in Innovation 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .606** 1 .248* .005 .376** -.130 -.291* .535** .099 -.048 .316** 
Sig. (2-tailed) .000 . .044 .970 .002 .299 .018 .000 .428 .700 .010 
Local Export of 
Construction Services 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.159 .248* 1 .093 -.322** -.188 -.209 .623** -.386** -.281* -.375** 
Sig. (2-tailed) .203 .044 . .458 .008 .131 .092 .000 .001 .022 .002 
Market Share of Foreign 
Contractors 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .040 .005 .093 1 -.026 -.104 .007 .262* -.048 -.095 -.221 




 N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .393** .376** -.322** -.026 1 .109 .006 .281* .800** -.125 .884** 




N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.541** -.130 -.188 -.104 .109 1 -.014 -.018 .290* -.141 .229 
Sig. (2-tailed) .000 .299 .131 .404 .382 . .914 .888 .018 .259 .064 
Technological cooperation 
with National Institutions 
 N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.194 -.291* -.209 .007 .006 -.014 1 -.263* .336** -.093 .095 




  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .321** .535** .623** .262* .281* -.018 -.263* 1 .127 -.222 .144 
Sig. (2-tailed) .009 .000 .000 .033 .022 .888 .033 . .311 .073 .249 
Research Capabilities of 
Local Contractors 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .376** .099 -.386** -.048 .800** .290* .336** .127 1 -.181 .865** 




N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation -.058 -.048 -.281* -.095 -.125 -.141 -.093 -.222 -.181 1 -.159 




  N 66 66 66 66 66 66 66 66 66 66 66 
Pearson Correlation .485** .316** -.375** -.221 .884** .229 .095 .144 .865** -.159 1 
Sig. (2-tailed) .000 .010 .002 .075 .000 .064 .448 .249 .000 .202 . 
Turnover of Local 
Contractors 
  
  N 66 66 66 66 66 66 66 66 66 66 66 
**  Correlation is significant at the 0.01 level (2-tailed).  *  Correlation is significant at the 0.05 level (2-tailed). 
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10.3 THIRD STAGE OF THEORETICAL MODEL VALIDATION: PEARSON 
CORRELATION 
 
From the Pearson Correlation results, analysis of the significance and direction of 
relationships within the interactions of the NSI variables can be investigated. From the 
analysis of each TCL, two causal links are observed to deviate from the statistical results. 
However, these deviations are due to statistical errors and are now explained.  





Level of Innovation 
Social or Technological 
Advancements
+ +
(A) (B) (C) 
 
Deviation 1: 
Causal link 1 suggests that local contractors’ level of innovation (A) has a positive 
relationship with construction productivity and quality (C). This is because an increase in 
(A) will lead to an increase in (C) through higher social or technological advancements 
(B). However, the result of Pearson Correlation indicates that (A) and (C) has a negative 
relationship.  
Statistical justification (SJ) 1: 
The literature reviews on construction productivity and quality are presented in 
Section 3.4.3.1. Section 6.3.8 has defined construction productivity as value added at 
constant prices over the total number of persons engaged. In this study, local contactors’ 
level of innovation is denoted by monetary value rather than by the number of 
innovations (Section 6.3.1). Value added is derived from return on assets less the cost of 
funding those assets. An increase in local contactors’ level of innovation will raise the 
cost of funding. Although increased innovations may increase returns and/or reduce the 
number of persons employed, these have to be sufficiently large to exceed the expenditure 
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on innovation. Hence, a negative relationship between local contractors’ level of 
innovation and actual construction productivity and quality may not necessarily imply 
that innovation reduces productivity and quality but may mean that the returns from 
innovation have not been fully reaped as innovation is a long-term process. Therefore, a 
double line denoting the time lag between (B) and (C) in the causal link is inserted. 
Nonetheless, there could be other factors that could lead to the variance in the 
finding. For example, the poor labour skill of foreign workers and project management 
may hinder contractors from fully exploiting the advancements of technology, or the level 
of complexity in many of the projects covered in the study may not require the type of 
advancement in technology anticipated. However, this study’s interview responses 
(Section 9.2.2) observed that innovation does improve contractors’ productivity and 
quality. It further noted that innovation is a common strategy adopted by foreign 
contractors in Singapore to develop their competitive edge. Nonetheless, their innovative 
activities are undertaken in their home country. This suggests that Singapore contractors 
should also exploit their home NSI to develop advanced expertise through innovation that 
improves their level of construction quality and productivity.     














Causal link 2 suggests that R&D capability of local contractors (A) has a positive 
relationship with construction productivity and quality (C). This is because an increase in 
(A) will lead to an increase in (C) through higher social or technological advancements 
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(B). However, the results of the Pearson Correlation show that (A) and (C) have a 
negative relationship.  
Statistical justification (SJ) 2: 
In this study, R&D capability of local contractors is denoted by FTE of RSE 
(Section 6.3.7). An increase in R&D capabilities may imply an increase in total number 
of people engaged. Since Section 6.3.8 has defined construction productivity as value 
added at constant prices over the total number of persons engaged, a constant value added 
over an increase in total number of persons employed will lead to a lower level of R&D 
capability of local contractors. Although increased innovation may increase value added, 
this increase has to be sufficiently large to exceed the cost of increased employment. 
Hence, a negative relationship between R&D capabilities of local contractors and actual 
construction productivity and quality may not necessarily imply that innovation reduces 
productivity and quality but that the returns in innovation have not been fully reaped as 
innovation is a long-term process. Therefore, a double line denoting the time lag between 
(B) and (C) in the causal link is inserted. 
In this study’s responses from interviews (Section 9.2.7), it is observed that 
Singapore contractors have been enjoying transfers of technologies and expertise from 
foreign contractors that provide a means for local contractors to increase their level of 
R&D capabilities and thus their competitiveness in construction exports. 
Hence, the negative relationship between A and C in both cases, as depicted by 
Pearson Correlation results, is due to the use of proxies that imperfectly establish the 
relationship between A and C. Therefore, this study rejects the statistical results in both 
cases and adopts the theoretical relationships. This is because the final NSI model of this 
study should not be based on the limitation of the selected proxies (Section 4.2.1.2), but a 
complete consideration of all aspects of results derived from this study. Given that the 
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chosen proxies have been rationalised in Section 6.3, this study considers these 
discrepancies as statistical errors.  
Table 10.4 provides the complete analysis of all TCL in the theoretical NSI model. 
From Table 10.4, a final NSI model can be developed. The final NSI model is discussed 
in Section 10.4. 
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Table 10.4. Validation of TCL 
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TCL? Final Causal Loop FCL 
b3   Not 
statistically 
tested due 

































Reason for Refutation 
Interviews of all nine local contractors in this study provide that new processes or 
products will not be adopted if they are not proven successful. They assert that 
construction is a price competitive market but does not allow them to adopt a risk 
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Yes Removed causal link (AJD) in TCL b5. Hence, TCL b5 is removed. b6 is renamed 
as B5. 
For new technologies to improve local contractors’ productivity, there has to be a 
formal documentation or adoption process that either improves local contractors’ 
R&D capability (B5) or increase their social or technological advancement (see R7).
Hence, although b5 is statistically significant, the unaligned direction between 
statistics and logic provide that a transformation of (HJD)’s direction of 
relationship through intermediate variables, such as R&D capabilities of (B5) and 
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Remove causal loop b9. 
TCL b9 presents that innovation costs have a positive impact on construction cost. 
However, interviews demonstrate that costs of R&D are not always directly 
transferred to clients through increase in tender price. R&D cost is treated as an 
expense set aside from excess profit. Hence, (IJJ) relationship does not exist and is 









(Sig. at 1%) 
AJC: + 
 
(Sig. at 5%) 
CJE: − 
 
(Sig. at 5%) 
EJG: − 
 

























































































































Transfer of New Technology from
Foreign Contractors to Current



































































(F) (G) (H) (I) (J)
(K)
      
260











(Sig. at 1%) 
AJC: + 
 




(Sig. at 5%) 
EJG: + 
 

































































Excess Funds to Invest in 





























(Sig. at 1%) 
AJB: + 
 




(Sig. at 5%) 
DJF: + 
 




















No   
 
 




































































































































































      
261




























































(Sig. at 1%) 
AJB: + 
 








































Removed from Final Causal Loop. The statistical p-value of relationship (FJA) is 
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10.4 FINAL NSI MODEL 
Through the final stage of statistical validation, the 
Pearson Correlation analysis, all TCL are validated 
and accepted without changes aside from three 
exceptions. First, there is an inclusion of one new 
variable in FCL B1 and B2. This new inclusion is 
discussed in Section 10.4.1. Second, there is one 
variable change in each of the TCL of r2 and r8 
discussed in Section 10.4.3.1 and 10.4.2.2 
respectively. Third, three TCL are removed: b5, b9 
and r13. Figure 10.1 portrays the complete model 
of the NSI developed in this study. Hence, from the 
analysis of the final NSI model (Table 10.4), it is 
suggested that an NSI analysis is possible as 
innovation is part of an overall system of 

















 Figure 10.1. Final NSI model
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10.4.1 Validation of FCL B1 and B2 and the Inclusion of a new variable: 
client’s demand on contractors 
 
The Pearson Correlation results (Table 10.4) have supported the logics of FCL B1 and B2 
discussed and named as TCL b1 and b2 in Sections 4.3.1 and 4.3.2 respectively. They 
have portrayed consumers’ desire for improvements and their level of satisfaction with 
the constructed product as a driver of innovation. This is supported by this study’s 
interview responses that are discussed in Section 9.2.2. From the interviews, construction 
practitioners agreed that there is a relationship between the level of construction 
innovation and the sophistication of consumers’ demands. In addition, the client was 
observed to have a dual role as a promoter of sophistication in consumers’ demands and a 
transmitter of such demands from the consumers to the contractors (Section 9.2.2). 
Hence, to improve on the logics of the causal loops, this study has structured the role of 
the client as a transmitter of the level of “consumers’ satisfaction” to the contractor in 
FCLs B1 and B2, through the variable of “client’s demand on contractors”. 
10.4.2 Justification for removal of TCL b5, b9 and r13 
The TCLs that are removed are b5, b9 and r13. The rationales for their removal are now 
discussed. 
10.4.2.1 Removal of TCL b5 
Although the relationship (HJD) in TCL b5 is significant (Table 10.4), b5 is removed 
due to the inconsistency of the direction of relationship between variables H and D when 
b5 interacts with b6. This inconsistency demonstrates Winch’s (1998) notion that for 
solutions to be called innovations, they must be learned, codified, and applied to future 
projects (Section 2.5). A formal structure of administration and management of 
knowledge is required to enhance and support continuous innovation. The final NSI 
model has suggested that a formal structure, which influences the contractors’ level of 
R&D capability (B), has to precede social/technological advancements implemented (C) 
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in order to increase actual construction productivity and/or quality of local contractors 
(D). 
Hence, as discussed in Section 2.4, in construction, although there are significant 
opportunities and tendencies to do something new or distinct every time (Manseau and 
Seaden, 2001), it is not innovation until a structure of documentation takes place that 
allows the new product or process to be reapplied. Hence, although Groak (1992) 
advocates that the construction industry does innovate but innovation that takes place is 
informal, unrecorded and bespoke to one project, this study argues that innovation that 
takes place can be informal and bespoke but not unsystematic. This may be the key issue 
that differentiates the innovating construction firms from the non-innovating ones. 
10.4.2.2 Removal of TCL b9 
The consideration to remove TCL b9 is due to the inconsistency of the direction of 
relationship in causal loop b9. Since, the relationships in r8 are validated (Table 10.4), the 
cause of the inconsistency in b9 should lie in the relationship (IJJ). (IJJ) is used to 
denote the impact of innovation cost (Section 2.6) on contractors’ decision to innovate. 
The theoretical NSI model has assumed that an increase in innovation cost increases the 
contractors’ construction cost (IJJ) in TCL b9. To understand if this logic is indeed 
conceptualised in error, it is validated through interviews. From the responses from the 
interviews, it was observed that in practice, innovation costs are not transferred to clients 
as portrayed by b9. Innovations are funded through excess funds from profits (see FCL 
R1, explanations in Section 4.3.1). This view was provided by nine of the twelve 
contractors interviewed. The other three noted that the transferability of innovation cost is 
dependent on the type of innovation and contractors’ relationships with the clients. 
This study’s interview responses discussed the importance of capital funds for 
construction innovation to flourish (Section 9.2.3). Specifically, interview respondent LC 
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1 stated, ‘Capital funds are the fundamental basis for innovation. Without capital there 
can be no innovations.’ Since innovation costs do not impact on construction costs 
directly but are financed through contractors’ profit, in r8, the variable “client’s demand 
percentage for quality and productivity over cost factors” is no longer a valid decision 
variable in local contractors’ assessment of their level of investment in R&D (interlocking 
nature of r8 and b9, see Section 4.3.7). Similarly, interview respondent PuC 1 refuted this 
theoretical assumption. He observed,  
‘How do you justify productivity? How do you measure it? Even if I do know a 
contractor’s productivity, because we work together before, it does not mean that 
I will be able know all contractors’ productivity who tender for my project.’  
 
It has been advocated (by numerous authors such as Utterback, 1974; Egan, 1998; 
Winch, 1998; Milford, 2000 and Seaden et al., 2003) that clients’ demand for quality over 
cost will aid the advancement of contractors both technologically and in process 
practices. However, in reality, it may be difficult to justify its application as suggested by 
the logic of TCL b9, unless specific ways for measuring such advanced products and 
processes are provided and included in tendering procedures.  
As discussed in Section 9.2.2, the construction practitioners interviewed in this 
study deem the current level of construction demand as an important variable of 
consideration in the contractor’s decision to invest in R&D (Section 3.4.3.2). Hence, this 
study substitutes “client’s demand percentage for quality and productivity over cost 
factors” for “construction demand”. Its proxy is as defined in Section 6.3.9. 
10.4.2.3 Removal of TCL r13 
Lastly, TCL r13 is removed due to the insignificant statistical relationship between local 
contractors’ profit (F) and technological cooperation with national institutions (A). This 
suggests that contractors do not take the initiatives to collaborate with national 
institutions. This study’s interviewees (Section 9.2.4) observed that most small to medium 
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construction companies perceive collaborations with government-linked institutions to be 
fraught with bureaucracy. However, the removal of TCL r13 does not imply that 
technological cooperation between national institutions and local contractors does not 
improve the level of innovation within the construction industry. Section 8.3 has validated 
that technological cooperation with national institutions is a significant NSI variable in 
the NSI.  
10.4.3 Support of FCL from interviews 
The remaining TCLs are validated. Their logics and theories are supported by both 
statistical validations and interviews of construction practitioners. They are briefly 
discussed now. 
10.4.3.1 FCL R1 and R2 
The Pearson Correlation results (Table 10.4) supported the direction and significance of 
relationships that are portrayed in Table 10.4 and discussed in Section 4.3.1 where FCL 
R1’s interaction with R2 (named as TCL r1 and r2 in Section 4.3.1) suggests that profit 
incentive is a possible driver of innovation. Similarly from this study’s interview 
responses, all of the 12 contractors interviewed, both foreign and local, affirmed that 
profit is the basic motivational force for innovation (Section 9.2.2).  
However, the discussion in Section 10.4.2.2 of the removal of TCL b9 has 
suggested that for the logics of TCL r1 and r2, since an increase in contractors’ level of 
innovation (A) may increase business expenditure (G), for contractors’ profit level to 
increase (E), the returns from investment, that is the decrease in construction cost (D) 
should be greater than the increase in business expenditure (G). Hence, for any 
investment in innovation, a consideration of the possible returns over the life cycle of the 
innovation process or product in relation to its expenditure is required. However, this 
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logic only considers monetary returns. As discussed in Section 9.2.2, monetary returns are 
only the tangible measurement of such investments; there may also be intangible returns.  
Returns in innovation can also be intangible such as improved reputation, stronger 
branding and the development of a corporate culture of continuous improvement that may 
lead to perpetual growth and profits. The interaction of R1 and R2 with B5 (Figure 10.1) 
suggests that innovation increases the market share of construction firms through the 
increase in demand for their services. However, this demand is also based on contractors’ 
competitive pricing. Therefore, PrC 2 captured the essence of profit as a driver of 
innovation by noting that ‘Innovation is based on life cycle cost. In doing so [innovate], 
an innovator believes his investment will provide returns.’ 
10.4.3.2 FCL B3 
The logics presented by TCL b3 in Table 4.3, are validated by the Pearson results as 
portrayed in Table 10.4. TCL b3 is thus retained in the final NSI model as “B3”. B3 
examines the impact of innovation risks on the level of construction innovation (Section 
4.3.3). From the interviewees’ responses in Section 9.2.1, all the 21 interviewees 
established a general agreement that high risks do deter contractors from innovating. The 
interviews highlighted three similar risk factors that significantly inhabit local contractors 
from innovating. They are poor financial capabilities, loss of competitiveness from 
rivalry, imitation and the demand oriented nature of the industry for specific and 
specialised products that reduces contractors’ returns on investment in R&D. These 
inhibitors of innovation by local contractors are supported by the results of this study now 
discussed.  
First, responses from interviews discussed in Section 9.2.3 observed that all 21 
construction practitioners suggested that financial capability is the root of hindrance for 
the low level of innovation by Singapore’s contractors. Similarly as discussed in Section 
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10.4.3.1, based on this study’s final NSI model, availability of excess funds is 
fundamental for investments in innovation (depicted by FCL R1). 
Second, as discussed in Section 9.2.1, imitation by competitors that will in time, 
erode local contractors’ ability to recover their R&D investment costs can also inhibit 
local contractors’ decisions to innovate. This restrains local contractors from engaging in 
collaborations due to the fear of loss of ownership of R&D results and potential 
inventions (Section 9.2.4). As portrayed by FCL B3, contractors’ perception of high risks 
in innovation reduces their level of investments in innovation. 
Third, based on similar notion as the above, the high price of a constructed product 
and the demand-oriented nature of the construction industry for specific and specialised 
products may also inhibit innovation by local contractors. Such characteristics of the 
construction industry do not favour speculation of consumers’ demands. Interview 
respondent SC 3 explained,  
‘Construction is a demand oriented industry. Everything depends on 
specifications. How can we be supply oriented? If we are and the innovation that 
we have produced is not required by the industry, it will only be a waste of 
effort.’  
 
These risks suggest that to innovate, contractors’ threshold of risk is paramount as 
Harper (1963) observes at the end of the day, there has to be expected returns for their 
investments (Section 3.5.1).  
10.4.3.3 FCL R4 
The Pearson Correlation results in Table 10.4 have validated the logics of r4 (Table 4.4). 
Hence, r4 is renamed as R4 in the final NSI model. R4 portrays the logic that an 
Industrial Cluster can assist contractors in developing their R&D capabilities (Section 
4.3.4). Many construction practitioners interviewed agreed to the importance of an 
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industrial cluster in stimulating technology growth in the construction industry (Section 
9.2.5). Interview respondent LC 3 observed that ‘there is a possibility of widening the 
research scope’ through such cluster developments. However as discussed in Section 
9.2.5, many construction practitioners do not envisage it to be a feasible notion.  
The industries’ negative reaction to the concept of a shared network of knowledge 
and expertise may be due to the fact that there are few innovating construction companies 
in Singapore (Section 2.8.2). With the industry barely engaging in R&D and a lack of 
commitment to R&D (Section 9.2.9), local contractors do not envisage “externalisation” 
of a portion of their R&D operations to be an important strategy as suggested by Mowery 
(2001). However, Interview respondent LC 1 noted that, 
‘Collaborations or such a network is possible in Singapore if every party has an 
agenda and they know that they have to depend on each other to attain or process 
it. So, the selection of “partners” in this network is important.’  
 
Similarly, as discussed in Section 9.2.5, foreign contractors who do engage in such 
cluster collaborations in their home country observed that the driving force behind such 
collaboration is first the aggregation of expertise and second, the reduction of duplication 
of efforts that results in waste of resources. This is in line with the logic presented in FCL 
R4 and Kangari and Miyatake’s (1997) observation that increasing collaboration may be 
due to increasing innovation costs (Section 3.4.1.3).   
10.4.3.4 FCL B5 
As explained in Table 10.4 and Section 10.4.2.1, TCL b5 (Table 4.5) is removed due to 
the inconsistency of the direction of relationship between variables H and D when b5 
interacts with b6. However, the logics in TCL b6 (discussed in Section 4.3.5) have been 
validated by Pearson Correlation (Table 10.4). Hence, TCL b6 is renamed as FCL B5 in 
Table 10.4, following the numerical order of the FCL in this study.  
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In FCL B5, there is an inclusion of a “+” sign for the relationships between (DJ E) 
and (EJF). This inclusion does not change the direction of relationships between the 
variables. However, it does improve the flow of logic in B5 due to the differentiation of 
the impact of innovations that increases productivity and innovations that improve quality 
on construction cost. The former reduces construction cost but the latter increases it. 
However, both types of innovation improve the demand for local contractors as they both 
meet the demands of the consumers. This refinement of the logics is due to the results of 
the interviews discussed in Section 9.2.6. The interviews established that quality does 
increase construction costs, however productivity should reduce it. 
10.4.3.5 FCL R6 
TCL r7 has been validated by Pearson Correlation as presented in Table 10.4. TCL r7 is 
thus renamed as FCL R6 in Table 10.4. R6 portrays the export of construction services as 
a factor influencing contactors’ decisions to innovate (Section 4.3.6). Similarly, responses 
from interviews in Section 9.2.8 indicated that export of construction services could be a 
viable tool in promoting construction innovation. 
 
10.4.3.6 FCL R7 
Section 10.4.2.2 has discussed the rationale for the removal of TCL b9. Pearson 
Correlation in Table 10.4 has validated the logics of TCL r8, discussed in Section 4.3.7. 
TCL r8 is thus renamed as R7 in the final NSI model. R7 denotes that there might be a 
dependence on foreign contractors for technology transfer if B5 was held true. However, 
Interview respondent FC 3, in response to the question whether local contractors would 
continue to seek such technological strategy replied,  
‘Yes, but at a smaller scale than compared to 20 years ago. When Singapore 
government first brought in this concept of technological transfers, there was a 
sudden surge of technological requirements. This is because of the MRT (Mass 
Rapid Transport) project, the high-rise buildings that are of architectural 
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significance. Hence, large-scale technological support was required. But now, as 
the technology use remains relatively similar, there is a lower need for such 
technological transfers.’  
 
However, a reduction in the imitation of technology does not imply the industry is 
progressing. As Rashid (2000) advocates, to generate growth, there has to be successful 
generation of newer and better products (Section 3.4.1.2). Interview respondent LC 1 
foresaw that technological transfers in Singapore might progress to technology 
collaborations. This is because when the capabilities of the top local contractors increase, 
there is a chance for mutual sharing of knowledge and expertise between the foreign and 
local contractors.      
10.4.3.7 FCL R8, R9 and R10 
All the TCLs r10, r11, r12 in Sections 4.3.8 and 4.3.9 have been validated, as presented in 
Table 10.4. Hence, TCLs r10, r11 and r12 are renamed as R8, R9 and R10 respectively in 
Table 10.4. R8 and R9 express the logic for the reduction of local contactors’ innovation 
risk and cost through technological collaboration with related and supporting industries, 
while R10 shows the logic for the reduction of local contactors’ innovation risk through 
technological collaboration with national institutions.  
In Section 9.2.4, it is noted that there is a consensus between the 21 construction 
practitioners interviewed that collaboration would reduce innovation risk and/or cost as 
tied in with FCL B3 (Section 10.4.3.2). This is largely due to the sharing and exploitation 
of joint resources (see Sections 4.3.8 and 4.3.9 respectively). This notion is supported by 
the structure of this study’s NSI model where, R8, R9 and R10, structured as reinforcing 
loops, suggest that such collaborations are capable of providing continuous support of 
innovation to business through reduced innovation risk and cost as the collaborative 
relationships strengthen over time. 
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10.5 ALIGNMENT OF FINAL NSI STRUCTURE WITH INTERVIEW RESPONSES 
This section intends to briefly align the theoretical assumptions applied in this study’s 
NSI model with responses from interviews. From this exercise, key conclusions can be 
drawn that enables the formulation of recommendations in the next chapter, hence, 
satisfying the last two objectives of this study (Section 1.4).     
Contrary to the theoretical assumption that the comprehension of consumers’ level 
of satisfaction by contractors can be direct in nature, responses from interviews suggested 
that an intermediate party, such as the consultant and designer, is required for the transfer 
of the consumers’ satisfaction signals to contractors (Section 9.2.2). Ozaki (2000) 
considers information flows between consumers and contractors as crucial especially in 
relation to consumers’ satisfaction. She suggests formal marketing research and 
questionnaire surveys to gather consumers’ feedbacks to indicate a construction 
company’s performance in relation to competitors. Nonetheless, this is based on the 
assumption of knowledgeable consumers that often may not be held true. The client’s 
extent of knowledge is often limited (Nam and Tatum, 1997).  
This alignment of theory and responses from interviews suggest two issues. First, in 
today’s construction context, designers and consultants still play a prominent role in the 
transfer of consumer wants and needs to the “producers”. Second, the unique 
characteristic of construction process as a long-term, high-cost process, perceived with 
risks and uncertainties, makes the contractor not only a manufacturer but also a service 
provider. A good service provider considers not only materialistic satisfaction but also an 
intangible form of goodwill that only a proactive contractor will be able to provide. This 
notion is supported by the statistical relationship portrayed by the causal loop of the 
market share of local contractors (FCL B5). This causal loop suggests that continuous 
consumer satisfaction is the key in sustaining market share. Hence, an important 
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consideration in establishing a successful NSI in the context of construction is likely to be 
the cultivation of a superior consumer with sophisticated demands that may bring the 
communication gap between contactors and consumers closer. This will in turn establish 
a faster and perhaps a more direct response to consumers’ dissatisfaction by contractors.         
Authors (such as Winch, 1998; Gann, 2000; Seaden et al., 2003) suggest that 
powerful and sophisticated clients are assuming a more dominant role in dictating the 
pace of change in large projects and they are playing a vital role in stimulating contractors 
to search for new ideas (Section 3.5.2). This study’s interviewees agreed to this notion 
(Section 9.2.2). However, this study also recognises the contribution by von-Hippel 
(1988) and Ivory (2005). They suggest that the aspect of client involvement in the 
innovation process, may also in part, depend on the degree to which the clients perceive 
there to be benefits to them in innovating. This implies that costs, restricted completion 
time and unreliability of innovation success are demotivators of clients’ participation in 
innovation. Hence, clients should not be expected to be habitual risk-takers of innovations 
in construction. Therefore, aligning statistical analysis and responses from interviews 
with the literature reviews, this study concludes that the responsibility of the finance of 
innovation is placed largely on the contractors. This issue proposes two further 
considerations which are now discussed: 
First, as funding of innovations is largely based on the financial capacity of 
contractors, their perception of risk plays a fundamental role in their decisions to 
innovate. Nevertheless, the potential profit and intangible returns, such as the industrial 
recognition as an advanced provider of constructed products, make such risks practicable. 
From this, it can be implied that just as authors (such as Markides, 1999, Quinn, 1992, 
Prahalad, 2004) and this study’s statistical results have established, one fundamental 
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principle of innovation is that it is the primary source of wealth creation (Section 3.5.1). 
Profit is indeed the basic motivational force of innovation in the construction industry.  
Second, since the client’s willingness to pay for an innovation may reduce the 
financial burden of innovating contractors, the categorization of innovations, in 
accordance with the willingness of clients to pay for an innovation, plays a fundamental 
role in the innovation strategy of contractors (Section 9.2.6). This may also be the key in 
overcoming contractors’ financial limitations in innovations and the basis of business 
strategies for construction innovation. 
With regards to the role of construction exports, this study’s statistical results and 
responses from interviews have suggested that construction exports are sustained by a 
continuous flow of profit. However, responses from interviews have further provided that 
profit itself is not a direct driver of exports (Section 9.2.8). From this study’s interviews, 
construction practitioners deem exports as a means of targeting new markets. However, 
their establishment of export capabilities is largely based on home resource rather than 
the tapping of external sources of innovation. This is contrary to the literature review 
(Sections 3.4.1.1 and 4.3.6) that suggested that the competitiveness of firms depends on 
their ability to link to international innovation networks. Instead, this implies that the 
behaviour of local contractors takes on the characteristics of the OH model, which 
theorises that comparative advantage arises from differences in factor endowments in 
nations. Dunning (1992, 1993) and Moon et al. (1998) criticize this as a myopic view. 
They observe that in today’s globalised context, the mobility of national assets such as 
knowledge workers and advanced technologies no longer provide such advantages in 
competition.  
However, this may not imply a “backwardness” of the construction industry as 
Winch (2003) considers the industry to be. Although this study’s statistical result 
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indicates that there is a positive relationship between foreign investments in Singapore 
and the level of construction innovation, responses from interviews suggested that the 
dependence on such is seen to be decreasing. This suggests the event which Ofori (1996) 
observes that given a supportive environment and appropriate policies, local enterprises 
will develop, regardless of lack of direct technology transfer efforts of particular 
international contractors. Nonetheless, according to responses from interviews, within 
Singapore’s construction market, foreign contractors are still largely viewed to be of a 
higher calibre than the local contractors (Section 9.2.6). This suggests that there is still 
room for improvement in the local construction industry’s technological and managerial 
capabilities.  
Regarding the collaborative readiness of the construction industry for innovation, 
although responses from interviews agreed to the statistical results and the value of the 
theoretical idea of an innovative cluster, the respondents questioned the practicability of 
such implementation (Section 9.2.5). Construction practitioners indicated that their level 
of comfort lies with the collaboration with immediate suppliers and manufacturers rather 
than national institutions. They reasoned that innovation costs are seen to fall with the 
former rather than the latter. This raises the issue that financial support is a significant 
consideration for collaborations in construction innovation. However, in line with the 
literature (such as Aoki, 1984; Johnston and Lawrence, 1988; Kangari and Miyatake, 
1997; Langford and Dimitrijeric, 2002; and Yusuf, 2003) and the theoretical assumptions 
of this study (Section 3.4.1.3), the logics within the NSI model have showed that by 
collaborating with other parties, local contractors’ exposure to the risks related to 
innovation is reduced. Hence, this study concludes in agreement with the literature (such 
as Kangari and Miyatake, 1997; Langford and Dimitrijeric, 2002) that strategic alliances 
do promote innovation. 
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It is increasingly necessary for contractors to take a pro-active role not only in 
developing their technological capabilities, but to anticipate consumer wants and satisfy 
them in the way that counts. These require the cultivation of a commitment towards 
innovation that this study found local contractors to lack significantly (Section 9.2.9). In 
addition, contractors’ confinement of their network of related and supporting industries 
only to the local context suggests that the emphasis on pro-active industrial networking is 
paramount in developing their own competitive base. From these insights, 
recommendations can be made for the appropriate business strategies and national 
policies that promote construction innovations. 
10.6 CHAPTER SUMMARY: SUMMARY OF THE FEEDBACKS OF FINAL NSI 
MODEL 
 
This section applies Pearson Correlation for the final stage of validation of the theoretical 
NSI model. Pearson Correlation has validated the significance and direction of 
relationships within the NSI variables. From the analysis of the TCLs, two causal links 
are observed to deviate from the statistical results. However, these deviations are due to 
statistical errors where the proxy of the NSI variable of “actual construction productivity 
and quality of local contractors” has imperfectly established its relationships with the NSI 
variables of “local contractors’ level of innovation” and “R&D capability of local 
contractors”. These relationships are thus, validated by the interview results. Hence for 
both relationships, the statistical results are rejected and their theoretical relationships are 
accepted. The rest of the TCLs are validated and accepted without changes except for the 
inclusion of one new variable in FCLs B1 and B2, one variable change in TCLs r2 and r8 
respectively, and removal of three TCLs: b5, b9 and r13. Table 10.5 provides the 
summary of the feedbacks within the final NSI model categorised by the NSI actors and 
this study’s two drivers of innovation. 
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Table 10.5. Summary of feedbacks within the final NSI model 
Drivers of Innovation 
 
Profit Driven Drivers of Consumers’ Demands 





Export of construction services  
Cultivation of industrial cluster 
through collaboration with R&S 





Technological Cooperation with 
national institutions reduces 
innovation risk. 
Technological Cooperation with 









Technological cooperation with 
R&S firms reduces innovation 
cost. 
Cultivation of industrial cluster  
R8 Technological Cooperation with 







Increase R&D capability of LC 
through transfer of foreign 
technology 
Increase R&D capability of local 
contractors though competitive 
pressure for a share of host 
countries’ construction market  
R7 Demand from consumers from host 
country affects technology use 
 
Clients R7 Local contractors’ investment in 
innovation dependent on volume 
and consistency of client’ demands 
B1 Consumers’ demands are translated 







National institutions’ investment in 
innovation increases R&D 
capability of local contractors 
R3 National institutions’ investment in 
innovation reduces perception of 
innovation risks 
 Drivers of Innovation 
 Profit Driven Drivers of Consumers’ Demands 
Anticipated Barriers to Growth in Construction Innovation on Local Contractors 
Local 
Contractors 
B3 Perception of Innovation Risk B1 
 
Local contractors’ investment in 
innovation dependent on constant 






Cooperation is a barrier towards 








B7 Imitation of foreign technology 
does not lead to continuous growth 





Consumers’ demands may result in 
pick and mix strategy towards 
construction innovation rather than 
strategic technological 
advancements 
Clients B1 Client will only pay for 
innovations where end users are 
willing to pay a premium for. 
B1 
 
Consumers drive clients in adopting 
change, without a superior 
consumer demand, technological 







B2 National institutions’ investment in 
innovation dependent on constant 
reviews of consumers’ demands 
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CHAPTER 11:   IMPLEMENTING THE NSI IN SINGAPORE’S 
CONSTRUCTION INDUSTRY – 
DISCUSSION OF RESULTS AND RECOMMENDATIONS  
 
11.1 INTRODUCTION 
From the discussion of both the quantitative and qualitative results of this study, this 
chapter aims to fulfil this study’s research objectives of recommending business strategies 
and proposing national policies that would improve the current level of construction 
innovation in Singapore.   
The results of this study are discussed in Sections 11.2 and 11.3: in particular, the 
responses from interviews in Section 9.2; the statistical results in Sections 8.5 and 8.7; 
and the validated logics of this study’s final NIS model in Section 10.4. The impact of the 
NSI on local contractors’ business strategies is discussed in Section 11.2 while the impact 
of the NSI on national policies is discussed in Section 11.3.  
This chapter also provides recommendations for business strategies and national 
policies based on the analysis of the results in the earlier sections of this chapter. These 
recommendations, classified under seven strategic thrusts, are examined in Sections 11.4 
and 11.5. 
11.2 DISCUSSION OF RESULTS: THE IMPACT OF THE NSI ON LOCAL 
CONTRACTORS’ BUSINESS STRATEGIES 
 
Observing the final NSI model in Figure 10.1, there are five variables that are directed to 
local contractors’ level of innovation. They are: (1) “excess funds to invest in creating 
and maintaining competitive advantage”; (2) “perception of risk”; (3) “local contractors’ 
dependence on foreign contactors for new technologies”; (4) “clients’ demands on 
contractors”; and (5) “legislation”. Since these variables have a direct influence on local 
contractors’ decisions to innovate, managing them well will most likely lead to success in 
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encouraging contactors to innovate. Therefore, this study’s recommendations for 
providing the impetus for contractors to innovate in Singapore will revolve around these 
five immediate variables. 
11.2.1 Identifying target markets 
Yusuf (2003) suggests that there is a need for corporations to identify particular market 
niches to develop and market differentiated products. This is because they offer 
enterprises competitive advantage that maintains their survival. The logics in this study’s 
final NSI model (Figure 10.1) also suggest that niche markets may offer local contactors 
the possible advantage of deeper inter-firm transactional engagements as firms and 
institutions collaborate in innovations to compete better.  
For instance, due to the land scarcity and fast growing population in Singapore after 
World War Two, there was a large volume of demand for cheap housing (Liow, 1997). 
Following the logic of B1 (Section 10.4.1), with fast rising consumers’ demand for 
affordable housing, there is pressure on the construction industry to attain greater 
efficiency and value. The HDB was set up in 1960 to address the national housing 
problem. Its current mission is to build affordable homes of high quality, in integrated 
environments that meet modern lifestyle needs (HDB, 2005).The HDB is also an 
innovating hub of the Singapore construction industry providing an R&D centre for 
prefabrication technology to meet their objective ‘to advance innovative and cost-
effective building design and technology’ (HDB, 2005).  
Similarly, following the logic of B2 (Section 10.4.1), the emphasis of the HDB, a 
public client, on affordable, high quality housing has led to contractors such as Tiong 
Seng Construction, Kimly Construction and Koh Brothers Building and Civil Engineering 
Contractors to innovate and collaborate with the HDB to meet the needs of the 
consumers. As Porter (1990) observes, basic factors can create competitive advantage 
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(Section 3.4.3). Singapore’s specific demand for efficient residential buildings has created 
highly specialized residential construction technology. The need to concentrate on a 
narrower range of fields for smaller countries has also been discussed in Section 6.4.2. 
Therefore, these suggest the necessity for Singapore contractors to develop viable market 
niches over time.    
From these, this study attempts to answer interview respondent LC 2’s enquiry on 
why Singapore contractors should innovate when specialised technology can be bought. 
‘R&D can be done by the specialist company that produce these products or 
equipment. If you are able to buy the expertise and results of R&D from them, 
which is much easier than investing in R&D, then why innovate?’ 
This study observe that it is simply because the target consumers of any contractor are 
that of the contractor alone and not the supplier’s. Suppliers may provide equipment for 
all types and sizes of construction companies and projects. It should be the strategy of 
Singapore contractors to adapt and reinvent these technologies to meet the demands of 
their targeted market. This is the competitive strategy that will be sustainable and 
effective in the world market. 
11.2.2 Monetary classification of innovations 
It has been observed in the interviewees’ responses in Section 9.2.6 and analysis of the 
NSI model in Section 10.4.2.2 that in practice, innovation costs are not transferred to 
clients. Two questions thus arise. First, why are contractors unable to transfer the cost of 
innovation to clients? Generally, manufacturers such as those of automobile and mobile 
telephones are able to derive returns from innovations through price premiums on their 
products that not only offset the costs of innovation but also provide sizeable profit. 
However, this may not be the conventional practice in construction. Second, does this in 
turn, imply that innovation is not a useful means to derive competitive advantage in 
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construction? From this study’s NSI model, it is observed that innovation in construction 
may be classified into three main categories: 
(i) Type 1 Innovations: Innovations which consumers are willing to pay for. Their 
logic is denoted by interlocking loops of B2 and R2 (see Section 4.3.2, TCL, b2) 
(ii) Type 2 Innovations: Innovations that reduce contractors’ construction costs. Their 
logic is denoted by FCL R1 (see Section 4.3.1, TCL r1) 
(iii) Type 3 Innovations: Innovations, which encompass intangible benefits such as a 
good reputation and high credibility, that provide contractors with competitive 
advantage. Their logic is denoted by FCL R7 (see Section 4.3.5, TCL b6). 
Type 1 Innovations require the careful analysis of the target consumers. As 
discussed in Section 9.2.6, the responses from the interviewees suggested that quality 
could be sold for a premium to consumers but not productivity. Similarly, Manseau 
(2005) notes that in the survey of 59 senior personnel in the UK by Gibb and Isack 
(2001), it was observed that clients are mainly concerned with high quality and low cost. 
Although life-cycle cost was mentioned as being important, the interviewees admitted 
that their organisations did not use this measure. Therefore, for innovation to yield 
immediate monetary returns there is a need to understand what clients and/or consumers 
are willing to pay for as discussed in the analysis of the interview results (Section 9.2.6).  
As portrayed in the interaction of FCL R1, R2 and B2 in Figure 11.1, a partial 
representation of the final NSI model in Figure 10.1, an increase in consumers’ desired 
productivity (A), will decrease consumers’ level of satisfaction (B), leading to clients’ 
demand on local contractors (C) for higher productivity that in turn increases local 
contractors’ level of investment in innovation (D). This would increase local contractors’ 
business expenses (J) and hence lower their profit levels (H). On the other hand, 
improved construction productivity (F) from local contractors’ higher level of innovation 
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(C) will reduce construction cost (G), leading to an increase in the demand for local 
contractors’ services and products (K). The reduction of construction cost will also 
increase local contractors’ profit levels. The level of profit of local contractors will thus 
be dependent on the extent to which the decrease in construction cost (G) can offset the 
increase in business expense (J). The level of local contractors’ profit will thus determine 
the available fund for investment in innovation (I) once again. Innovation that improves 
productivity is a Type 2 innovation. Although it does not provide immediate monetary 
profit from investments, it still involves monetary benefit such as the reduction of 
contractors’ overheads. The main competitive advantage it offers lies in differentiating 





























































Figure 11.1. Interaction of FCL R1, R2 and B2 
However, for such competitive advantage to be sustainable, there has to be a 
consistency of character that clients or consumers are able to identify with, the idea of 
branding. This notion of branding had also been raised by the interviewee’ responses 
(Section 9.2.4). Similarly, Pedersen (1996) observes that the intention to innovate should 
itself be a constant purpose. This is portrayed in FCL B5, R7, R8 (see Section 4.3.5, TCL 
b6), where there is a need for local contractors to develop strong R&D capabilities to 
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provide continuous returns, both monetary and intangible. As Slaughter (2000) suggests 
(Section 2.6), the act of innovating can enhance a company’s reputation and provide firms 
with the capability to capture a substantial level of market share. These views characterise 
Type 3 Innovations.  
The difference between Types 1, 2 and 3 Innovations is that the first two are 
demand oriented while Type 3 is supply focused. Hence, Types 1 and 2 form the basis of 
a reactive strategy while Type 3 supports a proactive and forward-looking strategy based 
on the needs of consumers. Interview respondent PrC 2 suggested that contractors should 
constantly ask themselves this question: ‘to be able to meet the demands of consumers 
now, and also that of the next recipient, what do I have to do to compete? What are the 
qualities that contractors require that attract developers?’  
In the final NSI model as partially reiterated in Figure 11.1, B2 is a balancing loop 
that is characterised to maintain equilibrium rather than a continuous growth of 
innovation. For contractors to maintain a sustainable turnover for Type 1 Innovations, 
there has to be a continuous re-examination of the desires of consumers in order to derive 
the right signals of their level of satisfaction. As the logics in Figure 11.1 show, clients 
are at the forefront of engaging with consumers. A co-operative relationship may 
therefore be useful in determining the tastes of the consumers. This relationship can 
involve the establishment of a “co-evaluator”, between contractors and clients, of the 
demands and tastes of consumers to a “co-inventor” of specialized products to meet these 
tastes (Section 10.4.1). Therefore, it may be useful for contractors to tap the function of 
clients in the construction value chain to strategise their direction and type of innovation.  
R1, on the other hand, is a reinforcing loop. Hence, with continuous Type 2 
Innovations, the cost of innovation can be persistently brought down. Similarly, for R7, 
which is also a reinforcing loop, innovating contractors will find that their dependency on 
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the transfer of technologies from foreign firms will decrease as they search for their own 
competitive edge. 
11.2.3 The benefits of R&D collaboration 
The analysis of the final NSI model suggested that there are three considerations for 
construction companies in reaping the benefits of R&D collaboration: Reducing 
innovation risk through collaboration; Understanding the trade off in collaboration and 
the need for collaboration; and Selection of partners for R&D collaboration. They are 
now discussed. 
11.2.3.1 Reducing innovation risk through collaboration 
Innovation risks have been identified in this study’s final NSI model to be one of the 
direct influencing factors of contractors’ decisions to innovate (Section 10.4.3.2). 
Specifically, the interview results (Section 9.2.1) showed that contractors generally 
considered monetary risk as the most significant risk factor to consider in R&D. FCL R8, 
R9 and R10 in this study’s final NSI model (Section 10.4.3.7) denoted the causal effect of 
innovation risks on contractors’ decisions to innovate. They offered a common risk 
reduction strategy where collaboration between local contractors and external parties is 
able to reduce local contractors’ perceived level of innovation risk to a level comparable 
with their apparent threshold of risk. As FCL R8, R9 and R10 are structured as 
reinforcing loops, they suggest that these strategies are capable of providing continuous 
support of innovation to business through reduced innovation risk and cost as the 
collaborative relationships strengthen over time. 
For instance, Type 2 Innovations have been noted to be costly, as price premiums 
cannot be charged on their application (Section 11.2.2). There is a need to defray the costs 
over several projects. However, the need for the reapplication of a standard technology to 
projects that are unique and often involve different project teams will demand a highly 
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flexible technology. Such limitations would deem Type 2 Innovations costly and risky. 
Therefore, as authors such as Meyer-Krahmer (2001) and Yusuf and Evenett (2002) have 
suggested, and as portrayed by FCL R4 of this study (Section 10.4.3.3), clusters can 
indeed be seedbeds of innovation because of the potential gains inherent in intellectual 
spillovers and agglomeration of economies when firms collaborate (discussion of 
literature in Section 3.4.1). Similarly, this study’s interview results suggested that one of 
the underlying reasons for industrial collaboration is the decrease in duplication of R&D 
efforts (Section 9.2.5). These concepts are in line with the OECD (1999), which considers 
industrial and technological networks as enabling dynamic economies of scale and 
sharing of risks.  
Two parties are identified from the NSI model that may reduce contractors’ level of 
innovation risks through collaboration. They are national institutions (Section 10.4.3.7, 
FCL R9) and related and supporting industries (Section 10.4.3.7, FCL R8 and R10). The 
former are able to further reinforce the benefits of collaborations through the cultivation 
of a cluster network of interrelating firms that integrates the specific knowledge and 
expertise residing in various parties in the construction industry, while the latter often 
provides either technological expertises or monetary resources. This concept is further 
discussed in Section 11.2.3.3. 
11.2.3.2 Understanding the benefits and trade offs of R&D collaboration    
As discussed in Section 11.2.3.1, empirical studies (OECD, 1999) and the logics from this 
study’s NSI model have confirmed that collaborating firms are more innovative than non-
collaborative ones. In addition, it is proposed in Section 11.2.3.1 that collaboration is a 
suitable strategy to reduce local contractors’ innovation risk. This suggests that to sustain 
their investment in innovation, Singapore contractors should exploit the benefit of R&D 
collaboration. However as discussed in Section 9.2.4, the interview results suggested that 
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construction practitioners are cautious towards such collaborations. This study’s final NSI 
model has offered two reasons for local contractors’ lack of participation in technological 
collaborations in Singapore. 
First, as discussed in Sections 10.4.2.3 and 10.4.3.3 (discussion on r13 and R4 
respectively), Singapore contactors do not have a positive attitude towards collaboration 
in the construction industry. They view collaborations as a threat that might siphon away 
their competitive edge through imitation by their R&D collaborators. Although, this 
threat can be reduced with the increased ease of attaining intellectual property rights, 
contractors’ risk adverse nature deems collaboration between firms at different 
development stages improbable and disadvantageous to either party. Responses from 
interviews also suggested that local contractors’ attitudes to collaboration are further 
weakened by their lack of commitment to innovation (Section 9.2.9). This notion is 
supported by responses from interviews in Section 9.2.1 and the logics of FCL B3 in this 
study’s NSI model (Section 10.4.3.2) which suggested that local contractors’ threshold of 
risk is generally low. 
Second, as indicated by the logics denoted by FCL B3, the non-innovating 
behaviour of local contractors is generally attributable to their low threshold of risk. This 
may be due to the large number of risks that they have to consider prior to innovation 
(Section 10.4.3.2). However, this does not imply that local contractors should adopt a 
myopic view of the scope of innovation in construction. Instead, the extent of innovation 
risk a firm should, and is willing to take is simply dependent on the firm’s threshold of 
risk (FCL B3).  
For instance, foreign contractors in Singapore are mainly large companies with 
extensive financial capabilities that are able to take failures in innovations in their stride. 
On the other hand, the large local contactors in Singapore is at best only medium sized by 
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international standards (see Section 2.8.3). The failure of an innovation investment or 
construction project implemented with a prototype would most likely cause an adverse 
impact on the financial stability of the construction company. Hence, contractors’ 
threshold of risk plays a significant role in their decision on any investment. Interview 
respondent NI 2 observed that ‘contractors have their threshold of risk, their safety level, 
once exceeded contractors will question if it is necessary to adopt such new technologies.’ 
Similarly, the logics in this study’s final NSI model showed that although the level of 
risks related to innovation that a construction firm is willing to undertake is not inversely 
proportional to the contractor’s threshold of risk, they are negatively related (FCL R8, 
R10). 
Based on these logics offered by the structure of this study’s NSI model, and the 
responses from the interviews (Section 9.2.1), local contractors preparing to engage in 
innovation should first analyse carefully, their threshold of risk not only in monetary 
terms but their overall capability and second, their potential contribution to the intended 
innovation (Section 4.3.3). As Cohen and Bradford (1990) observe, for successful 
collaborations, deliberation should not only be based on what the manager or the 
company can gain from others but also what the manager and the company can offer in 
return.   
11.2.3.3 Selection of partners for R&D collaboration 
As discussed in Sections 3.4.1.3 and 3.4.2.2, the NSI model offered two possible partners, 
related and supporting industries and national institutions. Results of the logics of the NSI 
(Section 10.4.3.2) have suggested that there is a need to consider contractors’ threshold of 
risks in determining their level of investment in innovation. In addition, the responses 
from interviewees suggested that contractors’ preference for collaborative partners might 
be related to the size of the company (Section 9.2.4). Hence, these put forward the notion 
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that to reduce innovation risk to a level that matches a particular contractor’s threshold 
level of risk, the right partner should be selected that suits the needs of a particular 
innovation (Section 11.2.3.1). In Section 3.4.2.1 authors, such as Caracostas and Muldar 
(1998), Meyer-Krahmer (2001) and Shapira and Kuhlmann (2003), suggest that the type 
of expertise offered by related and supporting industries and the national institutions may 
differ. National institutions provide basic research while related and supporting industries 
may offer strategic research that already has some commercial value.  
Based on the “innovation value chain”, Bush’s (1945) linear model of innovation 
(Section 2.10) indicates that basic research precedes applied research, which is followed 
by strategic research (Section 3.4.2.1). Implementing R&D at different stages therefore 
encompasses different actors in collaboration. Hence, the value gained would differ 
accordingly. For instance, related and supporting industries are able to offer cost savings 
due to economies of scale gained from the fundamental R&D that their strategic research 
was hinged upon. These savings can effectively be passed on to their partners in the 
collaboration. For national institutions, benefits such as the first mover of new 
technologies, can be reaped before intense competition sets in. Hence, from the 
interviews (Section 9.2.4), small and medium-sized local contractors had a preference for 
collaboration with related and supporting firms over national institutions. This is in line 
with the notion of Schumpeter’s (1943) and the results of Reichstein et al.’s (2005) study 
where only large firms could afford the cost of R&D programs (Section 2.7). Large 
contractors on the other hand, critically examine the trade off between their loss of 
competitive advantage through sharing of their technologies and the new technology and 
know-how gained through the partnership (Section 9.2.4).  
In addition, from this study’s NSI model (Section 10.4, Figure 10.1), the 
interrelating causal loops of R4, R8 and R9 suggested that collaboration with related and 
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supporting industries may offer the contractor a higher chance of establishing 
memberships in networks of inter-relating firms, than co-operations with national 
institutions. Therefore, depending on the financial capability of the contractor and the 
type and intention of the innovation, the contractor should choose a partner that is able to 
complement the firm’s business strategy in the long run. 
11.2.4 Construction companies’ commitment to R&D promotes construction 
innovation  
 
From the interviewees’ responses, national institutions agreed that Singapore’s 
construction industry lacks commitment to innovation (Section 9.2.9). Likewise, feedback 
loop B3 (Section 10.4.3.2) suggests that contractors’ perception of the importance of 
innovation is paramount in their adoption of its investment. Hence, there is a need for 
contractors to develop a culture of learning and process improvements. As discussed in 
the literature (Section 2.5) and the results of the NSI model (Section 10.4.2.1), 
“systematic” application of novel knowledge in production is key. 
11.3 DISCUSSION OF RESULTS: THE IMPACT OF THE NSI ON NATIONAL 
POLICIES 
 
This section is categorised according to the analysis of the possible impacts of the NSI on 
national policies. The final NSI model (Figure 10.1) suggested five potential logics that 
might promote construction innovation through appropriate national policies. They are: 
(1) Cultivating superior consumers’ demands and a conducive system of innovation; (2) 
Promoting construction innovation through exports; (3) Complementing technology 
transfer from foreign companies with the cultivation of local contractors’ R&D 
capabilities; (4) Development of a cluster network of inter-relating firms; and (5) Linkage 
of the common innovation infrastructure and the network of firms. They are now 
discussed. 
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11.3.1 Cultivating superior consumers’ demands and a conducive system of 
innovation 
 
Local buyers can help a nation’s companies to open new business concepts and 
innovative ideas when their needs anticipate or even shape those of other nations (Porter, 
1990). This provides ongoing early-warning indicators of global market trends and 
advanced consumer needs. Furthermore, since firms are typically most sensitive to the 
needs of their closest consumers, the characteristics of home demand are particularly 
important in shaping the different attributes of domestically made products and in 
creating pressure for innovation and quality. This emphasizes the importance of the 
cultivation of superior clients that would be able to direct and shape the quality of the 
domestic construction market. Similar concepts were brought up in this study’s 
interviews (Section 9.2.2). 
A positive effect of sophisticated clients on construction innovation is also 
portrayed in this study’s final NSI model (Section 10.4.1, FCLs B1 and B2). B1 and B2 
are balancing loops, which suggest that, under pure market forces, the industry will 
experience oscillations in the local contractors’ level of innovation. However, this 
phenomenon can be changed by constantly providing sophisticated consumer demands. 
This is because a general dissatisfaction of consumers through higher demands for 
constructed products will constantly drive contractors to innovate given the right 
conditions in the NSI. The BCA’s “Quality Mark for Good Workmanship” (Section 
3.5.2.2) is an example of engaging on consumers’ satisfaction to drive contractors to 
innovate. 
This also implies that the success of this strategy, which taps the demands of 
consumers to promote innovation, is largely dependent on the efficiency of the 
communication links between contractors and clients. Similar conclusions could be 
formed from the results of the NSI model (Section 10.4.3.3). Porter (1990) suggests that 
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factor disadvantages can become advantages only under certain circumstances. For 
instance, proper signals must be sent to construction firms about latest demands and 
advances, thereby equipping them to innovate in advance of their foreign rivals (Section 
3.4.2.2). Hence, an appropriate communication link that hastens the information flows 
between consumers and contractors should be developed. This notion is also supported 
by this study’s interview results (Sections 9.3.4 and 9.3.5). 
11.3.2 Promoting construction innovation through exports 
Responses from the interviewees suggested that the extent to which local contractors’ 
exporting activity is likely to promote contractors to innovate is dependent on the 
sophistication of demand of the importing country (Section 9.2.7). However, it has been 
argued in Section 2.8.3 that Singapore contractors largely export to the developing 
countries of Southeast Asia where the lower quality of demand does not encourage them 
to innovate. Nonetheless, the statistical results of the NSI model have indicated that 
construction exports do encourage an increase in contractors’ level of innovation 
(Section 10.4.3.5). Responses from the interviewees and discussions in Section 11.2.2 
have noted that this might be due to contractors perceiving that product quality and 
productivity are, themselves, critical competitive advantages to compete in the 
international market.  
As discussed in Section 9.2.7, the interviewees’ responses suggested that most 
Singapore contractors look to their home country’s innovation structure to develop their 
competitive edge to compete in the world market. Hence, an important role of national 
institutions would be to facilitate construction firms in identifying their core competence 
through providing opportunities for them to collaborate with related and supporting 
enterprises and/or national institutions in strategic research.    
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11.3.3 Complementing technology transfer from foreign companies with the 
cultivation of local contractors’ R&D capabilities 
 
The role of the foreign construction company as a technological transferor, and the 
benefits gained from such transfer and its impact on Singapore’s construction industry 
were discussed in Section 9.2.6. The implications of such transfer in this study’s NSI 
model are also discussed in Section 10.4.3.6 (and Table 10.4, FCL B5 and R7).  
B5 shows that technological transfer from foreign contractors to their counterparts 
does improve local contractors’ R&D capabilities (Section 10.4.3.4). From the interviews 
(Section 9.2.7), 10 of the contractors observed that the transfer of technology from 
foreign to local contractors is indirect. Further, it is not usually techniques that are being 
transferred but management skills. However, all the 21 construction practitioners 
interviewed perceived that local contractors do benefit from technology transfer from 
foreign contractors. 
Singapore has been depending on this strategy of foreign technology transfer since 
the 1970s (Section 2.8.2). From the interviews, there had been a mixed reaction from 
various local contractors on the extent of this strategy’s success (Sections 10.4.3.3 and 
10.4.3.6). Therefore, the following questions may be asked: “What are the assets of 
foreign contractors that enables them to develop superior technologies?” “Do local 
contractors have similar assets that enable them to fully exploit the technologies gained 
from their foreign counterparts?”   
The responses from interviewees suggested four critical assets of foreign 
contractors that facilitates their technological developments and applications (Section 
9.2.7). They are: construction management skills; technology and research capabilities; 
immense support from headquarters in their home country; and strong financial 
capability.  
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From the interviewee’s responses (Section 9.2.3) and this study’s analyses (Sections 
10.4.3.2, 11.2.1 and 11.2.2), it was noted that of these four assets, poor financial 
capability of local contractors is the key factor that hinders their long-term investments in 
R&D. This is also a crucial weakness that is statistically and structurally shown by this 
study’s NSI to have a large impact on the innovative capabilities of local contractors 
(Section 10.4.3.2). Although Section 2.8.2 has discussed various financial schemes 
provided by Singapore’s government in aiding innovations in construction, the 
interviewees suggest the notion which the OECD (1999) also advocates: flexible 
arrangements, policies and financial support by governments are important for the 
promotion of market-driven R&D. Examples of flexible financing has been discussed in 
Section 3.4.3.3. It is important for Singapore to explore not only flexible financial 
schemes that do not penalise failures or maintain rigid frameworks for approval of 
research funds, but also to establish a national system of track records for the innovation 
performance of companies. The latter would be a valuable asset for contractors wishing to 
source for private research funds.   
11.3.4 Developing a cluster network of inter-relating firms 
The absence of R&D and technological co-operation in Singapore’s construction industry 
has been discussed in Section 11.2.3. Although their absence may not have a direct 
impact on the current level of construction productivity and quality due to the labour-
intensive work culture of the industry in Singapore, its presence offers a direct way to 
improve economic performance. This suggests that S&T policies should consider the 
cultivation of strong clusters of interrelating firms that favours transfers of technology 
and capital, between regions and sub-regions that stimulate or accelerate the ability of 
small and medium-sized enterprises to compete in a global market. 
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Yusuf (2003) observes that industrial clusters usually form as a result of multiple 
factors such as policy measures that influence the entry of entrepreneurial firms; the 
availability of skills, infrastructure, and amenities; and the presence of institutions that 
have a significant role in innovation. This study’s NSI model suggests that factors 
influencing local contactors’ participation in clusters are: R&D capabilities of local 
contractors (Section 4.3.4); availability of excess funds of local contractors in creating or 
maintaining competitive advantage (Section 10.4.3.1); and local contractors’ desire to 
improve the success rate of innovation (Sections 10.4.3.2 and 10.4.3.7). These factors 
stem from local contractors’ competitive spirit that in turn directly influences their 
business strategies.  
Responses from interviews noted that competitive pressures together with 
government’s demands on the corporate and research sectors (Section 9.2.2) backed by 
significantly large financial incentives could create an agglomeration of establishments 
devoted to research (Section 11.3.3). However, it is also observed in this study’s 
interview responses (Section 9.2.9) that the spillover effects of such deliberate action 
could be slow to materialize without the right competitive attitude of the local contractors. 
Hence, the Survey of Cambridge (2001) notes the difficulty in cultivating dynamic 
industrial clusters. Therefore, as presented in this study’s results of the NSI model, 
specifically FCL R4 (Section 10.4.3.3), governments are not placed as a direct player in 
the cluster formation. Similarly as observed by the OECD (1999), governments should 
not try to create clusters. Interview respondent NI 1 explained that in her institution, 
positive industrial relations are indirectly cultivated through ‘training and seminars on 
good practices and also general sharing sessions on management practices and problems 
on site.’  
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Nonetheless, the result of the interaction in FCL R4 indicated that there must be 
collaborative readiness among the intending partners for clusters to flourish. Therefore, 
this suggests that a more focused identification of specific expertises and the development 
of an assembly of key expertise in the industry is required. Specifically, to recognise the 
importance of identified niches either through setting up of an industry-led focus group or 
research centre Through such practice, the government would be providing a favourable 
catalyst for the aggregation of various parties under the common objective of exploiting 
the identified niche. Successful key technologies through such assemblies will entice 
other parties of the construction industry seeking to create or maintain their competitive 
edge to establish their membership in such networks. With an industry-led focus group, 
construction companies seeking for memberships would have to make their own 
contributions in terms of technological know how. This may spur the cultivation of 
clusters that operate based on the latest market demands where membership is determined 
by the potential of each firm. This is a supply-led strategy that aims to open the local 
construction market to a wider diversity of available technology.   
It has been discussed in the literature (Section 3.4.2.2) and supported by this study’s 
interview responses (Section 9.2.4), that some authors and construction practitioners are 
still engaged in a continuous debate that collaboration leads to or frustrates the level of 
innovation in the industry. R4 indicated that collaboration does not always hinder 
innovation. Interactions within the cluster are not only limited to collaborations with 
home countries’ firms. They also include having expertise from external sources that 
provide the specialised technologies and knowledge desired by the cluster. As the results 
of the NSI model (Section 10.4.3.3) and earlier in this section present, the membership of 
such clusters should and will be market driven. The ability of any entity to influence the 
cluster will be determined by their knowledge and resource contributions to the cluster.  
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In addition, from Figure 10.1, the interactions of R4 with B5 and R6 suggested that 
the advantage gained from clusters provide local contractors with increased 
competitiveness in both the local and international markets. Hence, as the OECD (1999) 
highlights, although cluster policies can be in conflict with competition policy due to co-
operative arrangements and alliances that may restrict competition, it may not be a 
problem in practice as most competition would still occur between clusters. Therefore, 
technological cooperation does not necessarily impede the functioning of competitive 
markets. In addition, increasing globalisation and deregulation of most nations may also 
help to promote competition.  
Therefore, as discussed in Section 10.4.1, governments need to identify the 
particular market niches in their nation that is able to develop and market differentiated 
products in the world market that will encourage deeper inter-firm transactional 
engagements locally. This would allow local contactors to search for commercially useful 
forms of collaborative interactions such as technology sharing, industrial design, supplier 
relations and other forms of joint venturing.  
11.3.5 Linkage of the common innovation infrastructure and the network of firms: 
The additional role of national institutions 
 
From the interviewees’ responses, national institutions generally view themselves as 
representatives of the industry or members of the industry. They viewed their roles as 
transformers of the industry towards improved efficiency, thereby, adding value. 
Specifically, they observed that regulations are a useful means to promote construction 
innovation (Section 9.2.3). This is in line with this study’s incorporation of “legislation” 
in feedback loop B1 (Figure 10.1).  
The results of the interactions with the final NSI model of this study suggested that 
soft approaches are also possible strategies for national institutions to encourage local 
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contractors to innovate. National Institutions are the linkage between the common 
innovative infrastructure and the industrial network (Section 3.4.2). Relating to Meyer-
Krahmer’s (2001) discussion on the importance of exploiting external resources, the role 
of national institutions in facilitating transformation of basic research to industrial 
research and strategic application is critical to the construction industry as construction 
firms are usually heterogeneous with respect to the strategic resources they control and 
their ability to influence the construction process and product. In this context, in order to 
fully exploit the existing stock of heterogeneous and immobile resources and to develop 
sustained competitive advantages, a firm may need national institutions’ broad base of 
connections and exchanges with related and supporting industries, in addition to specific 
expertise to efficiently access external complementary resources. This leads back to the 
notion of the importance of clusters that supports alternative arrangements such as 
industry-led consortia, collaborations between industrial firms and universities, and 
collaborations between federal laboratories and industrial firms that enables numerous 
firms to “externalise” a portion of their R&D operations (Mowery, 2001). 
In addition, responses from interviews (Section 9.2.3) indicated that due to the low 
profit margin, the success of the new process or product has to be proven before 
application (B3). Similarly, all three foreign contractors interviewed observed that they 
would be willing to allow subcontractors to adopt a new construction process or product 
only when they are able to provide a clear method statement and proven records of 
successful application. Hence, support may be given by national institution to innovating 
contractors through collaborations to enable the reduction of costs of prototype testing or 
the search for available public clients that are willing to allow test beds of new process or 
products (Section 10.4.3.7, R8, R9 and R10). The former may not be a new strategy. The 
BCA has implemented various schemes with the EDB and the SPRING to enable such 
collaboration (Section 2.8.2). However, such schemes have not been successful, as local 
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contractors have not been actively searching for new construction products or processes, 
preferring to remain within their status quo. For instance, Interview respondent NI 3 
observed that no local contractors showed interest in the project by the National 
University of Singapore (NUS), which demonstrated the importance of the Total Building 
Performance (TBP) concept through various projects such as the Headquarters of Urban 
Development Authority and the new National Library Board building.     
Hence, for national institutions to function as linkages there should not only be a 
constant purpose to link the knowledge and expertise from the common innovative 
infrastructure to the industrial network and vice versa, but also to ensure that knowledge 
and expertise are absorbed and utilised. For instance, interview respondent LC 2 observed 
that in Singapore, 
‘Manpower’s education level is generally very low. Most labourers, including the 
senior operators, do not know how to use computer. Also, a worker’s salary is 
only S$18 daily. Do you think he would be willing to take up the responsibility 
for say a laptop? We are not even talking about operating it yet.’ 
 
This presents the importance of a common innovation infrastructure in providing 
the basic needs for innovation to develop in any industry. Similarly, the results of this 
study’s NSI model suggest that without a firm national infrastructure, innovation would 
not flourish. 
Nonetheless, due to the differing national economic size, development status, 
political, cultural and historical backgrounds, the respective role of universities and public 
research institutions in knowledge generation differs greatly from one country to another 
such as those in Spain and Portugal (Section 3.4.2). Hence, it is important for Singapore’s 
national institutions to search for a robust strategy that shapes and strengthens its role as a 
linkage between the common innovative infrastructure of Singapore and her industrial 
network.  By doing so, a strong national linkage will be able to provide a transfer of basic 
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research to firms for the creation of advanced factors. This will improve the strength of 
Singapore contractors to contest within the international arena. As Johanson (1984) 
observes, with specialist technology, smaller construction firms, such as those in 
Singapore, will be able to carve out niches for themselves in the international market by 
competing for specialist subcontracts or as desired consortium partners. A survey by 
Dulaimi et al (2001) suggested that Singapore contractors with specialist skills and 
capabilities are more confident in seeking work and competing with foreign firms 
overseas.  
Therefore, a strong common innovation infrastructure and national linkages have to 
be accompanied by the ‘absorptive capacity’  (Gann, 2001, p. 321) of the firm. Therefore, 
as authors (such as Porter, 1990, Lundvall, 1992 and Nelson, 1993) suggest, efficient 
national innovation systems do have an increasingly significant role to play in the 
organisation and promotion of innovations. 
11.4 RECOMMENDATIONS OF BUSINESS STRATEGIES  
 
This section summarises the discussion of the results in Section 11.2. Six business 
strategies are proposed and classified under three strategic thrusts. In addition, 13 
recommendations that local construction enterprises could adopt to harness the potential 
of the NSI to attain technological advancement and sustained competitiveness are 
examined. For these business thrusts, strategies and recommendations, the umbrella 
guideline that sets the basis for all business recommendations to take place is “Improving 
business performance by increased productivity and competitiveness through the 
application and exchange of best practices.”   
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11.4.1 Strategic Thrust 1: Enhancing contractors’ innovation strategies 
11.4.1.1 Business Strategy 1: Streamline innovation into company’s long-term 
business plans 
 
From the discussion of results in Sections 11.2 and 11.3, it could be deduced that 
innovation is an important long-term business strategy. It may facilitate enterprises in 
achieving their profit-maximisation goal and establish sustain competitiveness in both 
home and world markets. Hence, local contractors should, 
Recommendation 1 - Incorporate innovation as part of the company’s corporate 
goals. 
 
Recommendation 2 - Develop incentives to encourage “innovation planning” at 
the management level and “innovation thinking” among all employees. 
It is observed in Section 11.2.1 that for the local contractors to be effective in any 
construction market, they should adapt and reinvent the technologies offered by their 
related and supporting counterparts to meet the specific demands of their targeted market. 
Thus, they should, 
Recommendation 3 – Identify particular market niches and develop and market 
different products for the target consumers.  
 
By doing so, contractors will no longer be focusing on general quality 
improvements or product differentiation that Cannon and Hillebrandt (1990) suggest 
(Section 2.8), but urging them to determine their core competency that is best suited to 
their desired competitive advantage. Thus, contractors can strategise to optimise their 
available resources to reap maximum profit.   
11.4.1.2 Business Strategy 2: Strategise the choice of innovation in conformity to 
business needs 
 
The discussion of this study’s interview responses in Section 9.2.3 and the analysis of the 
structure of the final NSI model (Sections 10.4.3.1, 10.4.3.4 and 11.2.1) observe that 
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profit is a strong motivational force for local contractors to innovate. This suggests that 
the choice of innovation in relation to their monetary returns is paramount in maintaining 
the sustainability of contractors’ investments in construction innovation. In addition, in 
Section 10.4.2.2, TCL b9’s removal highlighted that the transferability of innovation cost 
to clients is dependent on the type of innovation. The discussion of this study’s results in 
Section 11.2.2 indicated three monetary categorisations of innovations. From these, two 
recommendations that may assist contractors in strategising their innovation approach are, 
Recommendation 4 – Plan the company’s innovation strategies and set milestones 
of long-term growth plans according to the market categorisation of innovations: 
innovations that clients are willing to pay for, such as quality improvements, and 
innovations that clients are not willing to pay but that provide intangible benefits, 
such as increased productivity. 
Recommendation 5 - Create a company brand in relation to the construction 
firm’s developed competitive advantage. 
Recommendation 5 aims to strengthen the intangible benefits derived from 
innovations by differentiating the capabilities of an innovating contractor from one that 
does not innovate.  
11.4.2 Strategic Thrust 2: Developing cooperative networks 
11.4.2.1 Business Strategy 3: Establish communication links with clients to hasten the 
flow of consumers’ demand signals and information to company 
 
The discussion of results in Section 11.2.3, particularly Section 11.2.3.1 showed that 
contractors require an operational strategy that identifies and strategises the types of 
innovations that would complement their business strategies. Therefore, this study 
recommends that contractors should, 
Recommendation 6 – Develop co-operative relationships with clients to determine 
the tastes, demands and needs of the consumers, to facilitate the selection of an 
appropriate innovation strategy according to consumers’ willingness to pay for 
the output of the intended innovation.  
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11.4.2.2 Business Strategy 4: Identify suitable R&D partners 
It is noted in Sections 11.2.3.2 and 11.2.3.3 that contractors should identify suitable R&D 
partners and consider the most suitable organisational arrangement that would provide the 
optimum R&D synergy. This is because such a strategy would optimise the reduction of 
contractors’ innovation risk and cost, making innovation a viable plan. Furthermore, it 
would shift contractors away from pursuing a shopping list approach in their selection of 
partners. To operationalise this strategy, this study recommends that contractors should, 
Recommendation 7 – Consider the divergence between the company’s 
capabilities, both financial and technological from the demands of the intended 
innovation to determine the company’s requirement to engage consultants and/or 
partners to fill the resource gap.    
Recommendation 8 – Identify the stage of the innovation value chain that 
provides the preliminary source of technology and/or knowledge underpinning the 
innovation and select the best actor within the value chain to provide the required 
expertise.  
To facilitate the above recommendations contractors should,  
Recommendation 9 – Improve the company’s present scope of industrial networks 
to enable the exploitation of competencies of both local and international firms.  
Recommendations 8 and 9 facilitate contractors in identifying the possible players 
in their construction cluster network of firms. Hence, allowing contractors to establish a 
strong pool of available resources and expertise when conducting innovations.  
11.4.3 Strategic Thrust 3: Improving contractors’ innovation practices 
11.4.3.1 Business Strategy 5: Maintaining a sustainable commitment to innovation 
 
This study’s interview responses showed that contractors’ level of commitment to 
innovation is low (Section 9.2.9). However, it was agreed by the interviewees that to 
promote innovation in construction, the level of contractors’ commitment to innovation is 
paramount (Section 9.2.9). To maintain commitment to innovation is to understand the 
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importance of the innovation strategy to the long term development of the enterprise. 
Hence, this study proposes that local contractors preparing to engage in innovation should 
(Section 11.2.3.2),  
Recommendation 10 - Establish the decision to implement the innovation project 
based on its returns over the life-cycle of the innovation process or product and 
not on initial expenditures.  
 
Recommendation 11 – Identify and promote to all employees, the potential 
contributions of the intended innovation to the company’s competitive advantage 
and long-term business strategies. 
11.4.3.2 Business Strategy 6: Cultivation of a culture of innovation in the 
construction organisation 
 
For a successful implementation of innovation strategy, the significance of the strategy to 
the company’s long-term growth should not only be endorsed by the higher management 
but an understanding of its importance should also permeate the entire organisation. This 
study recommends that construction firms should, 
Recommendation 12 – Encourage an innovation mindset among employees and 
introduce appropriate incentives and rewards. 
In addition, from the discussion of the logics in this study’s NSI model (Section 
11.2.3.2), this study has suggested in Section 11.2.4 that contractors should cultivate a 
culture of innovation in the construction organisation. To do so, this study recommends 
that contractors should (Section 10.4.2.1), 
Recommendation 13 - Encourage the documentation of construction work processes 
especially new and novel construction methods. 
A hierarchy of business strategies and recommendations that are proposed in 



















































Figure 11.2: Hierarchy of business strategies  
                    and recommendations  
Strategic Thrust 1: 
Enhancing contractors’ innovation strategies 
Business Strategy 1 - Streamline innovation into company’s long-term business plans 
Recommendation 2 - Develop incentives to encourage 
“innovation planning” at the management level and 
“innovation thinking” among all employees. 
Recommendation 1 - Incorporate innovation as part of the 
company’s corporate goals. 
Recommendation 3 – Identify particular market niches and develop and 
market different products for the target consumers. “innovation thinking” 
among all employees.
Recommendation 4 – Plan the 
company’s innovation 
strategies and set milestones of 
long-term growth plans 
according to the market 
categorisation of innovations: 
innovations that clients are 
willing to pay for, such as 
quality improvements, and 
innovations that clients are not 
willing to pay but that provide 
intangible benefits, such as 
increased productivity. 
Strategic Thrust 1: 
Enhancing contractors’ innovation strategies 
Business Strategy 2: Strategise the choice of 
innovation in conformity to business needs
Recommendation 5 - 
Create a company 




Strategic Thrust 2: 
Developing cooperative 
networks 
Business Strategy 3: 
Establish communication 
links with clients to 
hasten the flow of  
consumers’ demand 
signals and information 
to company 
Business Strategy 4: 
Identify suitable R&D 
partners 
Recommendation 6 – Develop co-operative 
relationships with clients to determine the 
tastes, demands and needs of the consumers, 
to facilitate the selection of an appropriate 
innovation strategy according to consumers’ 
willingness to pay for the output of the 
intended innovation. 
Recommendation 9 – 
Improve the 
company’s present 
scope of industrial 
networks to enable 
the exploitation of 
competencies of both 
local and international 
firms.
Strategic Thrust 3: 
Improving contractors’ 
innovation practices 
Recommendation 7 – Consider the 
divergence between the company’s 
capabilities, both financial and technological 
from the demands of the intended innovation 
to determine the company’s requirement to 
engage consultants and/or partners to fill the 
resource gap.    
Recommendation 8 – Identify the stage of 
the innovation value chain that provides 
the preliminary source of technology 
and/or knowledge underpinning the 
innovation and select the best actor within 
the value chain to provide the required 
expertise. 
Business Strategy 6: Cultivation of a 
culture of innovation in the construction 
organisation
Business Strategy 5: Maintaining 
a sustainable commitment to 
innovation
Recommendation 10 -
Establish the decision 
to implement the 
innovation project 
based on its returns 
over the life-cycle of 
the innovation process 
or product and not on 
initial expenditures.
Recommendation 11 – 
Identify and promote to 
all employees, the 
potential contributions of 
the intended innovation 
to the company’s 
competitive advantage 
and long-term business 
strategies 
Recommendation 12 
– Encourage an 
innovation mindset 









new and novel 
construction methods.
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11.5 RECOMMENDATIONS OF NATIONAL POLICIES  
 
This section summarises the discussion of the results in Section 11.3. Ten national policy 
guidelines are proposed and classified under five strategic thrusts. In addition, 24 
recommendations of policy guidelines, which promote and realise higher levels of 
construction innovation by local contractors based on the analysis of the NSI, are 
examined. These national thrusts, policies and recommendations are developed under the 
umbrella guideline of “Improving industry image by working with people, businesses and 
organisations to change the culture of the industry, enhance engagement with the 
community and customers and promote tomorrow’s best practice.”    
11.5.1 Strategic Thrust 4: Implementing the NSI in the construction industry 
11.5.1.1  National policy guideline 1: Integrate the NSI with the current structure of 
the construction industry 
 
It is discussed and validated in Section 8.7 that the NSI presents a holistic view of the 
interrelations among establishments that jointly and individually contribute to the 
development and diffusion of new technologies. Examples of current national initiatives 
in various countries that emphasise the importance and usefulness of engaging various 
establishments in a formal structure of knowledge diffusion and exchange are discussed 
in Section 2.9. In addition, it is also shown that the effectiveness of the NSI as a system of 
interrelating factors is further substantiated by the intensity of interaction between the 
three critical elements of the NSI established in Section 3.3. Hence, this study 
recommends that, 
Recommendation 14 – The government should recognise and implement the NSI 
as an effective instrument for developing policy guidelines that stimulates local 
contractors to innovate. 
 
Recommendation 15 – The government should strengthen and integrate the 
operations of the three critical elements of Construction cluster networks, Quality 
of linkages between the cluster network of firms and the national innovation 
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infrastructure, and Common innovation infrastructure into a national framework 
for innovation in the construction industry. 
 
Recommendation 16 – The government should initiate action to unify and 
establish cooperative networks among contractors, clients and suppliers. Such 
networks of firms provide greater integration, financial strength and stability, 
allowing firms to respond effectively to emerging opportunities, hence, enabling 
the government to spearhead an integrated and focused research agenda for the 
construction industry. 
11.5.2 Strategic Thrust 5: Developing contractors’ R&D capabilities 
11.5.2.1 National policy guideline 2: Develop appropriate financial schemes specific 
to the needs of contractors 
 
It is suggested in Section 11.3.3 that governments should adopt a more proactive 
approach in developing local contractors’ expertise and competitiveness. In particular, 
responses of interviewees in Section 9.2.3 observed that local contractors are weak 
financially, and it is one of the significant barriers that impeded local contractors to 
innovate. The results of the interaction within the NSI model (Section 10.4.1) have also 
noted the importance of a strong financial backing for construction innovation to flourish. 
Hence, this study has recommended in Section 11.3.3 that, 
Recommendation 17 – The government should establish flexible-funding 
arrangements such as contract-based awards that do not impose penalty on 
contractors upon failure of innovation. Instead, the arrangement should be 
complimented with a learning scheme where all contractors under the financial 
arrangement would share their lessons learned and gain the opportunity to search 
within this membership, suitable partners with whom to combine their expertise. 
 
Recommendation 18 -  Funding arrangements should encompass schemes that rate 
the credibility of contractors in terms of their returns on innovation to provide 
recognition of their technological capabilities and encourage commercial banks to 
fund future innovation projects. 
Recommendation 18 may slowly direct the industry away from the government 
for monetary aid. This reduction of the industry’s dependence on the government is an 
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outcome desired in Singapore (Section 2.8.2). This recommendation is similar to that in 
“Constructing Excellence” which aims to improve the industry’s image through 
development and use of new models for measuring building performance. “Construction 
Excellence’s” emphasis is to shift the responsibility of improving the industry’s practices 
to a range of stakeholders. 
11.5.2.2 National policy guideline 3: Develop a supporting cluster network of inter-
relating firms 
 
As discussed in Section 11.3.4, cluster networks of inter-relating firms is a useful tool to 
encourage contractors to innovate. It is also discussed in Section 11.1.1.1 that local 
contractors should develop specific market niches. The development of these specific 
market niches may stimulate the formation of clusters as related enterprises gather to 
exploit the resources provided by industry-led focus groups or research centres. The 
membership to such cluster would be determined by the potential of the firm in making 
their own contributions in terms of technological know how (Section 11.3.4). Hence, 
based on the critical element of the “Common innovation infrastructure” of the NSI, to 
complement contractors’ strategy,  
Recommendation 19 – The government should create a strong pool of skilled 
personnel with R&D capabilities that enable contractors to engage in higher levels 
of construction innovations. 
 
Recommendation 20 – The government should encourage contractors and related 
enterprises to meet their own training needs through providing support in 
companies’ skills requirement assessment and the set up of training facilities. 
 
Recommendation 21 - The government should provide a favourable catalyst for 
the aggregation of various construction parties under the common objective of 
exploiting the common identified niche of each network. 
 
These could be operationalised by,  
 
     308 
Recommendation 22 – The government initiating action to develop programmes 
that attract foreign specialist to establish and operate industry-led focus groups 
and/or world-class research centres. 
Recommendations 19 to 22 would create advanced factors (Porter, 1990) that 
could not be easily imitated and exploited by foreign contractors. Hence, providing local 
contractors sustained competitive edge. Recommendation 21’s suggestion of a suitable 
catalyst could take the form of the “Constructing Excellence” organisation in the UK 
(Section 2.9). One of “Constructing Excellence’s” recommendations involves establishing 
a UK wide innovation network to identify and share information on emerging innovative 
practices, techniques and technologies. The similarity of recommendations developed in 
this thesis and national initiatives for the UK suggests the emerging significance and 
potential of collaborative networks for the construction industry.”   
11.5.2.3 National policy guideline 4: Facilitate contractors’ first mover advantage 
It is discussed in Section 10.4.3.2 that contractors’ perception of the importance of the 
innovation success to their business development have a significance impact on their level 
of investment in innovation. However, due to the demand oriented nature of the industry, 
there are risks that contractors’ supply-led innovations are not commercially viable. 
Hence, this study proposes that,  
Recommendation 23 – The government should provide opportunities in 
government projects for contractors to implement their innovations to facilitate 
their establishment and exploitation of first mover advantage. 
 
This strategy would not only help increase contractors’ perception of the 
importance of the intended innovation it also increases their threshold of risks by ensuring 
opportunities for contractors to present their innovations commercially. 
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11.5.3 Strategic Thrust 6: Quantifying contractors’ innovation output 
11.5.3.1 National policy guideline 5: Establish contractors’ innovation value 
 
Conventional procurement methods based on price competition have led to declining 
productivity and quality in today’s construction industries (Section 2.8.3). In addition, 
this study’s interview responses suggested that there is a prevailing low level of 
innovation due to contractors’ disregard of the need for strategic innovation (Section 
9.2.9). As Reichstein et al. (2005) observe, the lack of innovation in the past in 
construction would further undermine efforts to achieve innovation in the present. Hence, 
it is showed in Section 11.2.2 that to shift local contractors away from the focus on cost 
competition to the importance of the development of competitive advantage through 
innovation,  
Recommendation 24 – The government should develop schemes to measure 
quality improvements arising from innovations to enhance the commercial value of 
innovations in construction. 
 
Recommendation 25 – The government should recognise and encourage quality 
aspects of constructed products as part of the procurement process to encourage 
contractors to shift from cost-competition in current tendering practices to one 
that focus on quality.  
11.5.3.2 National policy guideline 6: Rate the technological competence of local 
contractors 
 
The impact of consumers’ satisfaction on the interactions within the NSI is discussed in 
Section 11.3.1. The discussion of FCL B1 in Section 10.4.1 noted that consumers’ 
satisfaction could drive contractors to innovate. To provide a common indicator for the 
industry that enables contractors to benchmark their quality of product and service 
perceived by end users against their counterparts, this study proposes, 
Recommendation 26 – The government should help clients and the wider community to 
engage with construction in a positive manner by launching a consumers’ satisfaction 
programme to examine contractors’ quality of products and services.  Such schemes will 
enable more innovative building outcomes that recognise the whole life-cycle costs for 
     310 
the customer. Hence, encouraging contractors to think of the end user and benchmark 
themselves against their counterparts. 
 
This policy guideline would not only impose a pressure on local contractors to 
maintain their competitive edge through innovations, but as discussed in Section 11.3.1, it 
may also raise the sophistication of consumers’ demands as end users are more aware of 
the specifics of a constructed product that they should and could demand for. Hence, this 
would provide a continuous momentum of innovation growth in the industry.  
The discussion in Section 2.8.3 noted that Singapore contractors’ investment in 
innovation is low. This study suggests that, 
Recommendation 27 – The government should define and regulate the minimum 
level of R&D investment per worker for each construction firm. 
This strategy would also drive contractors to engage higher numbers of skilled 
workers or provide a training programme for their workers. Hence, providing a solution 
to Singapore’s problem of contractors employing a large number of unskilled workers.  
11.5.4 Strategic Thrust 7: Externalising contractors’ R&D operations 
11.5.4.1 National policy guideline 7: Exploiting the NSI of other countries  
The close interactions of construction enterprises with other related and supporting firms 
and national institutions within the NSI suggest that, to encourage local contractors to 
innovate, the government should facilitate construction enterprises’ exploitation of the 
expertise of other related organisations. In addition, more often then not, local contractors 
may require specific expertise that are unavailable in their home country. Hence, this 
study recommends that,    
Recommendation 28 – The government should develop incentive programmes 
that facilitate local contractors’ collaboration with national institutions, foreign 
enterprises or other local counterparts to engage in strategic research.   
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Recommendation 29 – The government should develop programmes to attract 
local talent to work for the overseas operations of local construction companies, 
to learn and implement technologies and skills practised in foreign countries in 
Singapore’s construction enterprises.   
11.5.4.2 National policy guideline 8: Develop contractors’ specialised expertise 
 
Analysis of the results in Section 11.3.2 showed that contractors could exploit the 
knowledge and expertise developed from the NSI of other countries in developing their 
competitive advantage. This view is further supported by the responses from interviews in 
Section 9.2.7 that local contractors require specific expertise to exploit the knowledge and 
technologies in foreign countries. Hence, this study recommends that,   
Recommendation 30 – The BCA should encourage contractors to consider 
innovation practices in their business strategies by: (1) working with construction 
enterprises to nurture a pool of specialised workers in selected areas by suitable 
promotion and training programmes; and (2) identify and disseminate innovation 
exemplars with measured business benefits, opportunities and challenges arising 
from the new innovations. 
11.5.5 Strategic Thrust 8: Redefining the role of national institutions 
11.5.5.1 National policy guideline 9: Improve the quality of linkage between the 
common innovation infrastructure and the network of firms 
 
The literature review (Section 3.4.2) stated that the role of national institutions in the NSI 
encompasses the direct contribution of basic research financed by government funds and 
the technological cooperation between national institutions and corporations. For the 
latter, the definition of national institutions (Section 1.8) suggested that this includes the 
transfer of basic research from national institutions to the cluster network of firms. 
Discussions of national initiatives developed in various countries also emphasized on the 
need for a formal research structure (Section 2.9). Hence, from the discussion of this 
study’s results (Section 11.3.5) it has been indicated that there is also a need for,  
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Recommendation 31 – The government should recognise and enforce the role of 
national institutions as a facilitator of the transformation of basic research to 
industrial research and also as the facilitator of the translation of industrial 
research to strategic application. As such, to encourage contractors to integrate 
innovation in their business strategies, the government should develop a network 
of innovation nodes. This network would function as a one-stop shop for 
contractors and interested individuals or organizations wishing to access or 
contribute technical information and learning or who wish to connect with 
potential collaborators and funders.” 
In Section 10.4.2.3, TCL r13 is removed. This suggests that contractors do not 
take the initiative to collaborate with national institutions. Interviewees’ responses on this 
subject point to two hindrances. First, national institutions are viewed to be fraught with 
bureaucracies. Second, knowledge and technologies developed by national institutions are 
often classified as shared national resources. Hence, contractors consider collaborations 
with national institutions to have less commercial value then those with other private 
enterprises. Hence, this study recommends that,  
Recommendation 32 – National institutions should transform their image from 
bureaucratic corporations to lean organisations. 
 
Recommendation 33 – National institutions should allow companies to have 
intellectual property rights to the innovations derived from collaborations with 
national institutions.  They should also ease the procedure of attaining intellectual 
property rights to assure firms that they would be able to protect their competitive 
position when they collaborate with private enterprises.  
11.5.5.2 National policy guideline 10: Supplement the current roles of national 
institutions   
 
In Section 10.4.3.1, the logic presented in FCL B2 suggests that the level of 
national institutions’ investment in innovation is dependent on the performance of the 
construction industry. Hence, to provide updated and continuous signals to the industry 
and specifically to the national institutions on the direction and intensity of the 
innovations required, this study suggests that,  
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Recommendation 34 – National institutions should establish and publicize an 
annual evaluation of the performance of the industry in terms of the level of 
innovation, advancements in product quality and intensity of technological 
operations. 
 
To further encourage local contractors to innovate, this study suggests, 
 
Recommendation 35 – The BCA should disseminate case studies of contractors’ 
successful innovations as learning points for other contractors. 
 
Recommendation  36 – The BCA should encourage creativity and resourcefulness 
in construction R&D through national awards for innovation.  
 
However, it is discussed in Section 9.2.4 that interviewee SC 3 noted contractors’ 
lack of knowledge on the procedure and costs of patents made imitations of their 
innovation a considerable risk. Hence, to ease contractors’ perception of risk in 
innovations, this study proposes, 
Recommendation 37 – The government should publicize and ease the procedure to 
attain intellectual property rights in Singapore. 
A hierarchy of national policy guidelines and recommendations that are proposed in 
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Figure 11.3: Hierarchy of national policy guidelines and recommendations 
Strategic Thrust 5: Developing contractors’ R&D capabilities
Recommendation 16 – The government should initiate action to unify and establish cooperative networks between contractors, clients and suppliers. Such networks of firms provide greater
integration, financial strength and stability, allowing firms to respond effectively to emerging opportunities, hence, enabling the government to spearhead an integrated and focused 
research agenda for the construction industry
Recommendation 14 – The government should 
recognise and implement the NSI as an effective 
instrument for developing policy guidelines that 
stimulates local contractors to innovate. 
Recommendation 15 – The government should strengthen and integrate the operations of the 
three critical elements of Construction cluster networks, Quality of linkages between the cluster 
network of firms and the national innovation infrastructure, and Common innovation 
infrastructure into a national framework for innovation in the construction industry. 
Recommendation 19 – 
The government should 
create a strong pool of 
skilled personnel with 
R&D capabilities that 
enable contractors to 
engage in higher levels 
of construction 
innovations. 
Recommendation 20 – 
The government should 
encourage contractors and 
related enterprises to meet 
their own training needs 
through providing support 
in companies’ skills 
requirement assessment 
and the set up of training 
facilities. 
Recommendation 21 - 
The government should 
provide a favourable 
catalyst for the 
aggregation of various 
construction parties 
under the common 
objective of exploiting 
the common identified 
niche of each network. 
Strategic Thrust 6: Quantifying 
contractors’ innovation output
Recommendation 25 – The government 
should recognise and encourage quality 
aspects of constructed products as part 
of the procurement process to encourage 
contractors to shift from cost-
competition in current tendering 
practices to one that focus on quality. 
Recommendation 24 – 
The government should 
develop schemes to 
measure quality 
improvements arising 
from innovations to 
enhance the commercial 
value of innovations in 
construction. 
Recommendation 26 – The 
government should help clients 
and the wider community to 
engage with construction in a 
positive manner by launching a 
consumers’ satisfaction 
programme to examine 
contractors’ quality of products 
and services.  Such schemes 
will enable more innovative 
building outcomes that 
recognise the whole life-cycle 
costs for the customer. Hence, 
encouraging contractors to 
think of the end user and 
benchmark themselves against 
their counterparts. 
Recommendation 27 
– The government 
should define and 
regulate the 
minimum level of 
R&D investment per 
worker for each 
construction firm. 
Guideline 6: Rate the 
technological competence 
of local contractors
Guideline 5: Establish 
contractors’ innovation 
value
Recommendation 18 -  
Funding arrangements 
should encompass schemes 
that rate the credibility of 
contractors in terms of their 
returns on innovation to 
provide recognition of their
technological capabilities 
and encourage commercial 
banks to fund future 
innovation projects. 
Recommendation 17 – 
The government should 
establish flexible-funding 
arrangements such as 
contract-based awards 
that do not impose 
penalty on contractors 
upon failure of 
innovation. Instead, the 
arrangement should be 
complimented with a 
learning scheme where 
all contractors under the 
financial arrangement 
would share their lessons 
learned and gain the 
opportunity to search 
within this membership, 
suitable partners to 
combine their expertises. 
Recommendation 22 – 
The government 
initiating action to 
develop programmes 
that attract foreign 
specialist to establish 
and operate industry-led 
focus groups and/or 
world-class research 
centres
Recommendation 23 – The 
government should provide 
opportunities in 
government projects for 
contractors to implement 
their innovations to 
facilitate their 
establishment and 
exploitation of first mover 
advantage
Guideline 2: Develop 
appropriate financial 
schemes specific to the 
needs of contractors 




Guideline 4: Facilitate 
contractors’ first mover 
advantage 
Strategic Thrust 7: Externalising contractors’ R&D operations
Guideline 7: Exploiting 
the NSI of other 
countries 
Guideline 8: Develop 
contractors’ specialised 
expertise 
Recommendation 28 – 





with national institutions, 
foreign enterprises or 
other local counterparts 
to engage in strategic 
research.   
 
Recommendation 29 – 
The government should 
develop programmes to 
attract local talent to 
work for the overseas 
operations of local 
construction companies, 
to learn and implement 
technologies and skills 
practised in foreign 
countries in Singapore’s 
construction enterprises. 
Recommendation 30 – The 
BCA should encourage 
contractors to consider 
innovation practices in their 
business strategies by: (1) 
working with construction 
enterprises to nurture a pool 
of specialised workers in 
selected areas by suitable 
promotion and training 
programmes; and (2) 
identify and disseminate 
innovation exemplars with 
measured business benefits, 
opportunities and 
challenges arising from the 
new innovations. 
Guideline 9: Improve the quality 
of linkage between the common 
innovation infrastructure and the 
network of firms 
Guideline 10: Supplement the 
current roles of national 
institutions 
Recommendation 32 – 
National institutions 
should transform their 
image from bureaucratic 
corporations to lean 
organisations. 
Recommendation 33 – National institutions should 
allow companies to enjoy intellectual property 
rights to the innovations derived from 
collaborations with national institutions.  They 
should also ease the procedure of attaining 
intellectual property rights to assure firms that they 
would be able to protect their competitive position 
when they collaborate with private enterprises.
Recommendation 34 – 
National institutions 
should establish and 
publicize an annual 
evaluation of the 
performance of the 
industry in terms of the 
level of innovation, 
advancements in product 
quality and intensity of 
technological operations.
Recommendation 35 –
The BCA should 
disseminate case 
studies of contractors’ 
successful innovations 
as learning points for 
other contractors. 
Recommendation  36 – 
The BCA should 
encourage creativity and 
resourcefulness in 
construction R&D 
through national awards 
for innovation. 
Recommendation 37 – The government should publicize 
and ease the procedure to attain intellectual property 
rights in Singapore. 
Recommendation 31 - The government to recognise and enforce the role 
of national institutions as a facilitator of the transformation of basic 
research to industrial research and also as the facilitator of industrial 
research to strategic application. As such, to encourage contractors to 
integrate innovation in their business strategies, the government should 
develop a network of innovation nodes. This network would function as 
a one-stop shop for contractors and interested individuals or 
organizations wishing to access or contribute technical information and 
learning or who wish to connect with potential collaborators and funders.
Strategic Thrust 8: Redefining the role of national institutions
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11.6 CHAPTER SUMMARY 
Based on the results of this study’s final NSI model and responses from interviews, 
issues raised from Chapter 9 of this study are discussed. From the discussion of the 
results, six business strategies are proposed for local contractors in developing their 
innovation strategies. These strategies are further classified under three strategic thrusts: 
Enhancing contractors’ innovation strategies; Developing co-operative networks; and 
Improving contractors’ innovation practices In addition, 13 recommendations 
complementing these six strategies are set out. A hierarchy of business strategies and 
recommendations is also presented in Figure 11.2. 
This study also reviews the role of government in Singapore’s construction industry 
through the results of the final NSI model and this study’s interview responses. Ten 
guidelines for national policies are proposed and classified under five strategic thrusts: 
Implementing the NSI in the construction industry; Developing contractors’ R&D 
capabilities; Quantifying contractors’ innovation output; Externalising contractors’ R&D 
operations; and Redefining the role of national institutions. In addition, 24 
recommendations that complement the 10 guidelines are examined. A hierarchy of 
national policy guidelines and recommendations is also presented in Figure 11.3. 
These strategic thrusts, proposed business strategies and national guidelines, 
together with the 37 recommendations are presented in Tables 12.1 and 12.2, in response 
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CHAPTER 12: SUMMARY AND CONCLUSION 
 
12.1 INTRODUCTION 
The aim of this chapter is to summarise the findings of this study and draw conclusions 
from them. The theoretical basis of the study has been outlined in the research premises. 
Validation of the hypotheses would help to justify the need for this study, the broad 
intention of which was to promote innovation by local contractors through the application 
of the NSI.  
Section 12.2 reviews the research premises and the hypotheses set out at the 
beginning of the study. The latter serves as a guide to the scope of this study. Section 12.3 
summarises the study’s findings in Part III that comprise Chapters 7, 8, 9, 10 and 11.  
Section 12.4 validates the hypotheses set out in Part III of this study. From this, 
Section 12.5 identifies this study’s contribution to knowledge. Section 12.6 summarises 
the discussions made progressively in this study and draws conclusions from them.  
From the analyses, findings and conclusions, this study discusses the suitability of 
the applied research approach undertaken by this study in Section 12.7. The limitations of 
this study are noted in Section 12.8 and recommendations for further studies are discussed 
in Section 12.9. Lastly, Section 12.10 provides a list of published international peer-
reviewed papers developed from this study. 
12.2 A REVIEW OF RESEARCH PREMISES AND HYPOTHESIS 
This study’s research premises were set out in Chapters 2 and 3. Chapter 2 highlighted the 
current lack of innovation in construction and the impact of such on the general economy 
of a country. It also defined the scope of study as the investigation of construction 
innovation from the perspective of the local contractor. In short, Chapter 2 highlighted the 
need for innovation in any sector of a nation’s economy, and particularly in construction, 
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due to rising consumer demands and a growing international market. Chapter 3 suggested 
the importance of the concept of the NSI and its possible application in the construction 
industry to change the situation of a persistently low level of innovation in the industry. 
To unite the notions in both chapters for an investigation of business and national 
strategies that would promote innovation in the construction industry, three specific 
premises for this study were set out. They are reiterated below:  
(1) Today’s construction industry has a low level of innovation. This may be due to 
contractors’ disregard of the need for strategic innovation. In addition, there are also 
barriers to innovation due to the inherent characteristics of construction. These 
barriers include the highly fragmented nature of the industry and low barriers to entry. 
Also, construction firms often do not perceive profit incentives that induce them to 
innovate. 
(2) The lack of innovation in the construction industry may have a negative impact on the 
general economy of a country. Firstly, the significant contribution of the industry 
towards a nation’s GDP makes the health and growth of this industry imperative. 
Secondly, the significant role of the construction industry in a nation’s economic 
growth and the development of basic infrastructure, and buildings which house 
income-generating activities, have led to consumer pressures for improved quality, 
reduced costs and faster construction. Thirdly, there is a need for a shift from cost 
reduction as a competitive strategy to focus on other forms of competitive advantage 
that improve the performance of the industry. Fourthly, these factors imply that 
superiority in technological development is essential for the progress of construction 
companies. 
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(3) The NSI is a suitable instrument for the analyses of the interactions between 
construction firms and their external environment. The NSI in the context of 
construction comprises three main components: 
(i) Construction cluster networks;  
(ii) Quality of linkages between the cluster network of firms and the national 
innovation infrastructure; and  
(iii) Common innovation infrastructure. 
From these premises, two hypotheses were set out (Section 1.5). 
12.3 SUMMARY OF MAIN FINDINGS 
From the literature review in Part I, three issues were raised:  
1. “Profit maximisation objective” of construction firms and the “level of consumers’ 
satisfactions” are possible drivers of construction innovation in the NSI.  
2. Ten construction-related NSI variables were highlighted and categorised according to 
the three critical elements of the NSI (Section 3.4): 
(i) Construction cluster networks - Foreign Direct Investments (FDI), Market 
share of local and foreign contractors in the construction industry, and Level 
of technological cooperation; 
(ii) Quality of linkages between the cluster network of firms and the national 
innovation infrastructure - National institutions’ investments in construction 
innovation, Technological cooperation between national institutions and local 
contractors, and R&D capability of local contractors; and 
(iii) Common innovation infrastructure - Pools of technologies and highly skilled 
professionals, Demand for construction, Construction demand fluctuations, 
and Sources of funds for innovation. 
     319 
3. The ten key NSI variables were each operationalised with a suitable proxy (Section 
6.5 and Table 6.2) and formulated into a hypothetical NSI model. 
In Part III, 17 countries, chosen through the research method in Part II of this study 
(Section 6.4.2), were used to construct the NSI model and another group of five countries 
(Section 8.5) were used to validate the results. These countries were categorised by their 
size and income into three samples. A three-stage validation process of this model was 
undertaken (Section 5.2): 
(i) Log-linear regression analysis, using the backward selection procedure to identify 
the significant NSI variables that correlate with the contractors’ level of 
innovation.  
(ii) Causal comparative research to infer causal relationships between the significant 
NSI variables and contractors’ level of innovation.  
(iii) Pearson Correlation analysis to determine the significance and direction of 
relationship between each NSI variable and contractors’ level of innovation and 
among the NSI variables themselves. 
From these, empirical models were developed for each sample. These models are 
reiterated from Chapter 8 (Section 8.4) as: 
Small, lower high-income sample: 
#LCI = (0.0002)(NTC)-0.386 (CLP)2.185 (RDC)1.323 (CTO)-0.445         (Equation 12.1) 
Small, medium high-income sample: 
#LCI = (3.123)(LES)1.082 (MSF)-0.629 (NTC)1.237 (NIC)-0.294 (CJV)0.826 (CLP)-2.324 (RDC)-0.453  
(CDD)-0.429  (CTO)1.023                        (Equation 12.2) 
                                                 
# Variables in bold are common through out all three samples in this study.  
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Small, large high-income sample: 
#LCI = (0.0001)(NTC)-1.381 (NIC)0.217 (CLP)1.248 (RDC)0.627 (CDD)0.532       (Equation 12.3) 
Interpretations of the abbreviations in Equations 12.1, 12.2 and 12.3 were presented 
in Table 6.2 in Section 6.5. 
These empirical models were further validated with data from five other countries 
(Section 8.5). From three different measures of accuracy and a paired t-test, these three 
empirical models were concluded to be good estimators of the sum of contractors’ level 
of innovation in a given year within a nation. Three common variables could be observed 
in all the three models. These variables are highlighted in bold in the equations 
(Equations 12.1, 12.2, and 12.3). They are: National technological cooperation (NTC); 
Construction labour productivity (CLP); and R&D capabilities of contractors (RDC).  
Of all three samples, small, medium high-income sample provided the highest and 
most stable growth of local contractors’ level of investment in innovation over the period 
of 11 years (1992-2002) from which the regression data were obtained (Section 7.2). In 
addition, the small medium high-income sample had the largest number of key NSI 
variables that were significantly related to local contractors’ level of investment in 
innovation as compared to the other two samples (Section 8.7). This emphasized not only 
the importance of the role of the NSI variables in inducing contractors to innovate, but 
also that the interactions of the NSI variables within a system may have a greater 
stimulating effect on the local contractors’ level of innovation then the individual impacts 
of each NSI variable. This suggested that the NSI might indeed be a viable tool for 
promoting construction innovation. 
                                                 
# Variables in bold are common through out all three samples in this study. 
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To localise the statistical results to this study’s objective country of analysis, 
Singapore, in-depth interviews were undertaken with 21 construction practitioners from 
Singapore. Hence, the focus of the NSI model from this point forward was on the small, 
medium high-income sample of countries which Singapore was placed. For the small, 
medium high-income sample, nine out of the ten proposed significant NSI variables had 
been statistically proven to have a significant influence on local contractors’ level of 
innovation. These nine variables were hence, entered into the final qualitative NSI model 
(Figure 10.1).  
The final model of the NSI (Figure 10.1) provided 12 main feedback loops (Tables 
10.4 and 10.5). Based on the discussion of results of this study (Sections 10.4 and 10.5), 
six business strategies (Section 11.4) and ten national policies (Section 11.5) for the 
promotion of innovation in the construction industry in Singapore were proposed. These 
were further classified under eight strategic thrusts. In addition, 37 recommendations 
were developed to complement these proposals. These recommendations are summarised 
in Tables 12.1 and 12.2 respectively. Suggested time frames for the implementation of 
these recommendations are also provided in Tables 12.1 and 12.2. Generally, a 5-year 
time frame indicates a short-term strategic approach to the promotion of construction 
innovation, while a 10-year time frame indicates a long-term approach. Hence, a single 
business strategy or national policy may not be an adequate promoter of construction 
innovation. There is a need for construction companies and governments alike to develop 
a holistic plan towards the promotion of construction innovation. 
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term business plans 
Incorporate innovation as part of the company’s corporate goals. 
Develop incentives to encourage “innovation planning” at the management 
level and “innovation thinking” among all employees. 
Identify particular market niches and develop and market different products 












Focus of the 
construction 
industry is on 
cost 
 
Strategise the choice 
of innovation in 
conformity to business 
needs  
 
Plan company’s innovation strategies and setting milestones of long term 
growth plans according to the market categorisation of innovations: 
innovations that clients are willing to pay for, such as quality improvements, 
and innovations that clients are not willing to pay but provide intangible 
benefits such as differentiation, such as increased construction productivity. 
Create a company brand in relation to the construction firm’s developed 
competitive advantage. 
Setting 
milestones of: 1, 





















with clients to hasten 
the flow of consumers’ 
demand signals and 
information to 
company 
Develop co-operative relationships with clients to determine the tastes, 
demands and needs of the consumers, to facilitate the selection of an 
appropriate innovation strategy according to consumers’ willingness to pay 
for the output of the intended innovation.  
10-years.                













Small size of 




Identify suitable R&D 
partners 
Consider the divergence between the company’s capabilities, both financial 
and technological from the demands of the intended innovation to determine 
the company’s requirement to engage consultants and/or partners to fill the 
resource gap.    
Identify the stage of the innovation value chain that provides the preliminary 
source of technology and/or knowledge underpinning the innovation and 
select the best actor within the value chain to provide the required expertise.  
Improve the company’s present scope of industrial networks to enable the 
exploitation of competencies of both local and international firms. 
Initial 
consideration for 
any innovation       




10-years.                




Establish the decision to implement the innovation project based on its returns 
over the life cycle of the innovation process or product and not on initial 
expenditures.  
 
Identify and promote to all employees, the potential contributions of the 





















Encourage innovation mindset among employees and introduce appropriate 
incentives and rewards. 
Encourage the documentation of construction work processes especially new 
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the need for 
strategic 
innovation 
Integrate the NSI 
with the current 
structure of the 
construction 
industry 
The government should recognise and implement the NSI as an 
effective instrument for developing policy guidelines that stimulates 
local contractors to innovate. 
The government should strengthen and integrate the operations of the 
three critical elements of Construction cluster networks, Quality of 
linkages between the cluster network of firms and the national 
innovation infrastructure, and Common innovation infrastructure into 
a national framework for innovation in the construction industry. 
The government should initiate action to unify and establish 
cooperative networks among contractors, clients and suppliers. Such 
networks of firms provide greater integration, financial strength and 
stability, allowing firms to respond effectively to emerging 
opportunities, hence, enabling the government to spearhead an 











5-years      















specific to the 
needs of 
contractors 
The government should establish flexible-funding arrangements such 
as contract-based awards that do not impose penalty on contractors 
upon failure of innovation. Instead, the arrangement should be 
complimented with a learning scheme where all contractors under the 
financial arrangement would share their lessons learned and gain the 
opportunity to search within this membership, suitable partners with 
whom to combine their expertise. 
Funding arrangements should encompass schemes that rate the 
credibility of contractors in terms of their returns on innovation to 
provide recognition of their technological capabilities and encourage 







5-years      
Highly 
fragmented 














The government should create a strong pool of skilled personnel with 
R&D capabilities that enable contractors to engage in higher levels of 
construction innovations. 
The government should encourage contractors and related enterprises 
to meet their own training needs through providing support in 
companies’ skills requirement assessment and the set up of training 
facilities. 
The government should provide a favourable catalyst for the 
aggregation of various construction parties under the common 
objective of exploiting the common identified niche of each network. 
The government should develop programmes that attract foreign 
specialist to establish and operate industry-led focus groups and/or 
world-class research centres. 








5-years      
 
 















The government should provide opportunities in government projects 
for contractors to implement their innovations to facilitate their 
establishment and exploitation of first mover advantage. 
5-years      





The government should develop schemes to measure quality 
improvements arising from innovations to enhance the commercial 
value of innovations in construction. 
The government should recognise and encourage quality aspects of 
constructed products as part of the procurement process to encourage 
contractors to shift from cost-competition in current tendering 
practices to one that focus on quality. 
5-years   
 
 














the need for 
strategic 




The government should help clients and the wider community to 
engage with construction in a positive manner by launching a 
consumers’ satisfaction programme to examine contractors’ quality of 
products and services.  Such schemes will enable more innovative 
building outcomes that recognise the whole life-cycle costs for the 
customer. Hence, encouraging contractors to think of the end user and 
benchmark themselves against their counterparts. 
The government should define and regulate the minimum level of 
R&D investment per worker for each construction firm. 
5-years  



















NSI of other 
countries 
 
The government should develop incentive programmes that facilitate 
local contractors’ collaboration with national institutions, foreign 
enterprises or other local counterparts to engage in strategic research.   
The government should develop programmes to attract local talent to 
work for the overseas operations of local construction companies, to 
learn and implement technologies and skills practised in foreign 
countries in Singapore’s construction enterprises.   




10-years      
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The BCA should encourage contractors to consider innovation 
practices in their business strategies by: (1) working with construction 
enterprises to nurture a pool of specialised workers in selected areas by 
suitable promotion and training programmes; and (2) identify and 
disseminate innovation exemplars with measured business benefits, 
opportunities and challenges arising from the new innovations. 
10-years      
Redefining 





























the network of 
firms 
The government should recognise and enforce the role of national 
institutions as a facilitator of the transformation of basic research to 
industrial research and also as the facilitator of the translation of 
industrial research to strategic application. As such, to encourage 
contractors to integrate innovation in their business strategies, the 
government should develop a network of innovation nodes. This 
network would function as a one-stop shop for contractors and 
interested individuals or organizations wishing to access or contribute 
technical information and learning or who wish to connect with 
potential collaborators and funders. 
National institutions should transform their image from bureaucratic 
corporations to lean organisations. 
National institutions should allow companies to have intellectual 
property rights to the innovations derived from collaborations with 
national institutions. They should also ease the procedure of attaining 
intellectual property rights to assure firms that they would be able to 
protect their competitive position when they collaborate with private 
enterprises. 










5-years    
   
5-years       
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   Supplement the 
current roles of 
national 
institutions  
National institutions should establish and publicize an annual 
evaluation of the performance of the industry in terms of the level of 
innovation, advancements in product quality and intensity of 
technological operations. 
The BCA should disseminate case studies of contractors’ successful 
innovations as learning points for other contractors. 
The BCA should encourage creativity and resourcefulness in 
construction R&D through national awards for innovation. 
5-years   




5-years    
    
5-years  
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From the summary of findings in Section 12.3 and recommendations in Tables 12.1 
and 12.2, it is concluded that this study’s model is a good representation of the NSI. This 
conclusion is based on the examination of the interactions within the NSI model that had 
been validated by three stages of statistical analysis and qualitative validation from 
interviews of 21 construction practitioners. In addition, six business strategies and ten 
national policy guidelines were developed from the analysis of the NSI model, together 
with 37 recommendations for the stimulation of construction innovation by local 
contractors. These were further classified into eight strategic thrusts Therefore, this 
study’s NSI model does offer a theoretical approach to promoting construction innovation 
in Singapore.   
12.4 VALIDATION OF HYPOTHESES 
The two research hypotheses can be verified at this stage: 
It is apparent from the three empirical model equations (Equations 12.1, 12.2 and 
12.3) that there are three common NSI variables that significantly contribute to 
contractors’ level of innovation. They are: National technological co-operation; 
Construction labour productivity; and R&D capabilities of contractors. Each of these NSI 
variables was categorised under the three critical elements of the NSI respectively 
(Section 3.4): NSI variable “National technological co-operation” from the first critical 
element of “Construction cluster networks”; NSI variable “R&D capabilities of 
contractors” from the second critical element of “Quality of linkages between the cluster 
network of firms and the national innovation infrastructure”; and NSI variable 
“Construction labour productivity” from the third critical element of “Common 
innovation infrastructure”. Feedbacks within the final NSI model also showed that the 
interactions among these three critical NSI elements are necessary for the promotion of 
construction innovation (Section 10.4, Figure 10.1).  
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Further analysis of the CCR (Section 7.2) indicated that the small, medium high-
income sample provided the highest and most stable growth of local contractors’ level of 
investment in innovation over the period of 11 years (1992-2002). The small, medium 
high-income sample had the greatest number of significant NSI variables under each of 
the three critical elements of the NSI. This suggested that the collective strength of these 
three critical elements may determine the intensity of the NSI in stimulating local 
contractors to innovate. The workings of any one critical element alone would not provide 
the optimised effect of the NSI. Therefore, it is reasonable for this study to accept the first 
hypothesis that was stated as (Section 1.5): 
 “The rate of construction innovation within a nation may be determined by the 
interactions among the government, national academic and research institutions, and 
commercial firms within the framework of a NSI.”  
From the three stages of validation in this study (Section 5.2) and the interviews of 
21 construction practitioners (Section 9.2), the interrelationships of the NSI variables 
within the NSI model had been validated. From the analysis of the workings of the NSI, 
the summary of feedbacks within the final NSI model in Table 10.5 showed that although 
profit maximisation and consumers’ demands for higher construction quality and 
productivity do inhibit local contractors to innovate, they are nevertheless strong drivers 
of construction innovation.  Furthermore, the eight strategic thrusts and the proposal of 
six business strategies and ten national policies, supported with 37 recommendations, had 
been made based on the drivers of profit maximisation objectives of construction firms 
and consumers’ demands. Hence, this study accepts the second hypothesis that was stated 
as  (Section 1.5): 
 “Since innovation is desired both privately and socially in a national economy, 
firms’ profit maximization objectives and consumers’ pressure for higher levels of 
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construction productivity and quality will drive local contractors to adopt a higher level of 
construction innovation, hence, further accentuating the NSI in stimulating higher levels 
of construction innovation.” 
12.5 CONTRIBUTION TO KNOWLEDGE 
The main contribution of this study is the bringing together of the determinants and actors 
of the NSI in an integrated structure for application in the construction industry. In 
addition, it has provided recommendations through its qualitative model, and also 
empirical models that were proven to be good estimators of contractors’ level of 
innovation within a country. This study made both theoretical and practical contributions. 
12.5.1 Theoretical contributions 
The concept of an NSI was introduced in 1945 by Bush, and has been the subject of 
research since 1987 (Section 2.10). Many authors (such as Lundvall, 1992; Nelson and 
Rosenberg, 1993; Freeman, 1995) advocate its usefulness and practical applications 
(Section 3.3). However, it has yet to be adequately studied by researchers in construction. 
As discussed in Section 2.10, since the mid-1990s, the attention of construction 
innovation researchers has shifted from specific organisational agendas to the competitive 
environment in which firms operate. From these studies, new innovation models have 
been developed. This study developed the NSI model in an attempt to contribute to this 
scope of research. 
To do so, this study merged construction-specific characteristics into the structure 
of the NSI. This merger has been advocated by authors such as Utterback (1974), Winch 
(1998), and Milford (2000) who observe that while other elements in the innovation 
superstructure play a vital role in stimulating contractors to search for new ideas, it is the 
innovation infrastructure that has the responsibility of managing them into good currency 
(section 3.5). Hence, there is a need for a link between a knowledge-seeking industry and 
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the national economic structure as this study has done. This merger brought about specific 
construction strategies for both the business sector (Section 11.4) and the government 
policies (Section 11.5). Most importantly, this merger also aligned this study’s 
recommendations with specific aspects of the construction innovation system which, as 
Milford (2000) observes, require attention (Section 2.10).   
This study agreed with Cohen and Levinthal (1990), Gann (2001) and Reichstein et 
al.’s (2005) notion of the need to provide local construction firms with the ability to 
absorb knowledge from the external environment (Section 11.5.4). The study contributed 
to the development of knowledge on Porter’s diamond concept by formulating a simple 
feedback loop representative of a cluster network of interrelating firms (Section 4.3.4, 
Table 4.4). This enabled specific recommendations to be made on the development of 
such clusters (Section 11.5.2.2).  
As discussed in Section 3.4.1.1, NSI models generally provide inadequate 
considerations on the influence of globalisation on innovation, analysing only a closed 
system of an NSI. However, with the increasing trend of globalisation in the construction 
market, there is a need for an explicit consideration of both the role of foreign players in 
the host country as well as the export of local players’ construction services to the 
international market. This study showed the interaction of both local and foreign players 
within the NSI and their dynamic feedbacks (Section 4.3.5, Table 4.5 and Section 4.3.6, 
Table 4.6). The model also identified the impacts of competition from foreign firms in a 
host country on the local contractors (Section 4.3.7, Table 4.7) and the underlying 
motivations for local contractors to export their services, a strategy that the Singapore 
government has called for, and facilitated since the 1980s (Section 2.8.3). This 
acknowledges Fellows’s (1993) prediction that the presence of foreign contractors may 
lead to intense competition in host countries.  
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These contributions suggest three issues. First, based on Schumpeter’s (1934) 
notion and the discussion in Section 2.10, the development of the NSI and its potential 
role in promoting construction innovation may push the construction industry into a new 
cycle of creative destruction, in respond to the call by many researchers (such as Milford, 
2000; Dulaimi et al., 2003) who noted that such studies has yet to be presented. 
Second, this study acknowledged the increasingly complex role of the government, 
which Rae (1834) had first discussed around 200 years ago (Section 2.10). Nonetheless, 
this study suggested that rather than mere intervention, government has to complement 
strategic research by commercial enterprises. This can be achieved through providing 
suitable linkages between the commercial enterprises and national institutions, a concept 
that is paramount in the NSI (Section 11.5.5.1).   
Lastly, aligned with contemporary studies (such as Lundvall, 1992; Nelson and 
Rosenberg, 1993; Freeman, 1995; Mowery, 1998; Barfield, 1998 and Stern et al., 2000), 
this study refuted Bush’s (1945) linear model of innovation (Section 2.10). Nonetheless, 
Bush’s contribution to studies of complex networks of innovation and diffusion theories 
is in the identification of the key NSI actors. By applying this approach to the 
construction industry, this study had presented the specific application of the NSI in 
promoting innovation within an industry, explicit to its players, and the possible 
boundaries of the extensive web of a national environment in developing strategic 
business and national strategies that promote innovation. Hence, the NSI is no longer an 
elusive and theoretical notion but a practical tool for any nation and even commercial 
enterprises.        
12.5.2 Practical contributions 
This study provided in-depth analyses of the NSI model and clear explanations of 
the application of the NSI from its initial development to the generation of specific 
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recommendations of construction innovation (Tables 12.1 and 12.2). Therefore, this study 
presented a viable innovation model to contractors and governments that searches for 
practicable solutions to improve their current status.  
Innovation strategies should no longer be mechanistic “pick and mix” exercises, 
which are criticised by Ofori (1994), but as Kangari and Miyatake (1997) and Barlow and 
Jashapara (1998) suggest, firms should acknowledge the value of knowledge and 
collaborative strengths and apply them strategically (Section 2.10). Simply, this study 
offered to both contractors and governments a viable tool that can help them to enhance 
their competitiveness. It also highlighted the consequences of not doing so and hence, 
provided a balanced view of the competitive nature of the industry.  
12.6 CONCLUSIONS 
The research problem identified by this study was to examine the factors within the NSI 
that encourage construction companies to innovate. This study deduced three critical 
elements of the NSI that influence contractors’ innovation strategies: Construction cluster 
networks; Quality of linkages between the cluster network of firms and the national 
innovation infrastructure; and Common innovation infrastructure. It was also ascertained 
that the interactive result of these three critical elements has a greater stimulating effect 
on contractors’ level of innovation compared to their individual impact. This suggested 
the importance of the NSI as a portrayal of a national framework for a country’s growth 
and development.  
This study also concluded that firms’ profit maximization objectives and 
consumers’ satisfaction of constructed products and services are good drivers of 
construction innovation. In response to the research objective of recommending business 
strategies for local contractors to harness the potential of the NSI to attain technological 
advancement and sustained competitiveness in Singapore, this study suggested that local 
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contractors has to first develop stable and high financial capabilities. In addition, for 
construction firms to sustain or further develop their innovation strategies, they require a 
high level of excess funds. Hence, the profit maximization goal of construction firms is 
not only a driver of innovation but it also maintains long-term investments in innovations.  
From the interplay of the two drivers of innovation identified by this study, this 
study identified three strategic thrusts for construction enterprises: Enhancing contractors’ 
innovation strategies; Developing Cooperative Networks; and Improving contractors’ 
innovation practices. In addition, six business strategies were proposed (Section 11.4): (1) 
Streamline innovation into company’s long-term business plans; (2) Strategise the choice 
of innovation in conformity to business needs; (3) Establish communication links with 
clients to hasten the flow of  consumers’ demand signals and information to company; (4) 
Identify suitable R&D partners; (5) Maintain a sustainable commitment to innovation; 
and (6) Cultivate a culture of innovation in the construction organisation  
Under the strategic thrust of “Enhancing contractors’ innovation strategies”, this 
study concluded that to achieve firms’ profit maximisation goals, it is important to 
implement the practice of innovation within the enterprises’ corporate goals and culture. 
Due to the importance of contractors’ financial wealth in engaging in innovations, this 
study also deduced that contractors should strategise their choice of innovation in 
conformity to the potential of the innovation in providing monetary returns rather than the 
general categorisation of innovations in terms of product and process improvements 
(Section 11.2.2).  
It was also concluded under the strategic thrust of “Developing Cooperative 
Networks” that contractors should consider first, co-operative relationships with clients to 
hasten the flow of  consumers’ demand signals and information to the company and 
second, exploit industrial collaborations with suitable partners (Section 11.2.3). Partners 
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should be selected based on contractors’ business needs and the stage of the innovation 
value chain that provides the preliminary source of technology and/or knowledge 
underpinning the innovation to select the best actor within the value chain who is able 
to provide the required expertise. 
Under the strategic thrust of “Improving contractors’ innovation practices”, it was 
concluded that the cultivation of a commitment and a culture of innovation is deemed 
critical to the success of the construction firm’s innovation strategy. 
This study agreed with the theoretical notion that firms are the innovating dynamos 
of any industries. To satisfy the research objective of proposing national policy guidelines 
to promote and realise higher levels of construction innovation by local contractors, five 
strategic thrusts were identified: Implementing the NSI in the construction industry; 
Developing contractors’ R&D capabilities; Quantifying contractors’ innovation output; 
Externalising contractors’ R&D operations; and Redefining the role of national 
institutions. In addition, ten guidelines for national policies were proposed: (1) Integrate 
the NSI with the current structure of the construction industry; (2) Develop appropriate 
financial schemes specific to the needs of contractors; (3) Develop a supporting cluster 
network of inter-relating firms; (4) Develop contractors’ first mover advantage; (5) 
Establish contractors’ innovation value; (6) Rate the technological competence of local 
contractors; (7) Exploiting the NSI of other countries; (8) Develop contractors’ 
specialised expertise; (9) Improve the quality of linkage between the common innovation 
infrastructure and the network of firms; and (10) Supplement the current roles of national 
institutions. 
From the analysis of the empirical results in Chapter 8 and the discussion of 
interviewees’ responses in Section 9.2, this study concluded under the strategic thrust of 
“Implementing the NSI in the construction industry” that Singapore government should 
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adapt the NSI with the current structure and practices of the construction industry. It was 
also deduced that the Singapore government should utilise the NSI as a national 
framework for the formation of policies that stimulate local contractors to innovate.  
Despite construction practitioners’ concerns that collaboration is not a competitive 
strategy that promotes innovation, this study concluded under the strategic thrust of 
“Developing contractors’ R&D capabilities” that collaborations, especially cluster 
networks do not reduce competition but intensify it (Section 11.3.4). In addition, this 
study observed that the collaborative character of the cluster concept offers an effective 
instrument for the development of contractors’ R&D capabilities through technological 
transfer. This suggested that the concept of clusters is an important “tool” for promoting 
construction innovation.  
To realize the profit maximisation goals, the fundamental strategy in business 
generally and construction particularly is through achieving consumer satisfaction, the 
second driver of construction innovation identified by this study. Thus, this study 
recommended under the strategic thrust of “Quantifying contractors’ innovation output” 
to develop schemes and programmes that measures: quality improvements arising from 
contractors’ innovations; consumers’ satisfaction with contractors’ product and 
services; and contractors’ technology to worker ratio. These are based on the 
conclusion that to: impose a pressure on local contractors to maintain their 
competitive edge through benchmarking against their counterparts; and encourage 
contractors to shift from cost-competition in current tendering practices to one that 
focus on quality by enhancing the commercial value of innovations in construction, there 
is a need to present a method to quantity the innovation efforts of contractors. 
Under the strategic thrust of “Externalising contractors’ R&D operations”, it is 
observed that more often then not, local contractors may require specific expertise that 
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are unavailable in their home country. Hence, it is concluded that governments should 
aid contractors in exploiting the resources in foreign countries or enterprises by 
equipping them with a pool of local specialised workers and incentive programmes that 
facilitate local contractors to collaborate with other construction parties.  
Under the strategic thrust of “Redefining the role of national institutions”, this 
study provided a riposte to the belief that the level of investments in national institutes is 
already high and any further investments in resources will yield meagre, if any, returns 
and could even entail a waste of resources (Section 3.4.2.1). This study deduced that 
even if national institutions do not provide adequate returns through a direct influence on 
productivity and quality, their role as a linkage between the common innovative 
infrastructure and the industrial network could still encourage contractors to innovate. 
This would however, require the complement of a careful choice of technological 
advances to be developed by the national institutions and an understanding of the current 
trends within the industry. This strategy would require a long-term process of structural 
change in knowledge production and diffusion and to an extent they might be new 
paradigms for the construction industry. 
This study concluded that the NSI is an effective instrument for both contractors 
and the government to exploit the advantages within the external environment of the 
enterprises to develop the firm’s competitive advantage and stimulate construction 
innovation. As the innovation dynamo of the industry, contractors’ innovation strategies 
would determine the industry’s intensity and extent of growth. Hence, contractors should 
strategise for a long-term development of innovation exercises that enable them to 
compete in the world market. This would possibly involve the exploitation of the NSI of 
other countries for expertise and technologies that are unavailable in their home country 
but are essential ingredients to the development of their core competency. The 
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government, as an important facilitator and supporter of the functions of firms, should 
not only provide practical assistance schemes and develop the necessary national 
infrastructure but also to seek to establish a linkage with the enterprises. The national 
institutions would be a valuable mechanism for the government to apply to achieve 
these. Hence, this study concluded that an interaction of the three NSI players, 
construction enterprises, the government and national institutions, together with the 
critical elements of the NSI are required as components of a system of innovation to 
stimulate local construction enterprises to innovate. 
12.7 SUITABILITY OF THE APPLIED RESEARCH APPROACH 
The use of the systems thinking approach had facilitated the transfer of a complex mental 
model of the interactions between and among construction practitioners the national 
institutions and the government, into a planned structure representative of the workings of 
the construction industry in its advancements of current construction processes. Although 
this model had in some aspects been developed based on the assumptions of the relations 
between variables that could not be quantified, the independence of this systems approach 
had allowed this study to complement this methodology with both statistical analysis and 
feedback from interviews of construction practitioners. This had inadvertently generated 
further confidence with this study’s NSI model and results. 
This study was thus able to examine the innovation structure of the construction 
industry. In particular, the tracing of the flow of logics of each NSI actor’s role in 
promoting innovation in the construction process, a technique unique of the systems 
thinking approach. Hence, this model while simplified to a certain extent, provided 
adequate details for the testing and improving of present industrial notions and workings 
of the construction innovation processes. Both quantified and qualified results of this 
study enabled the development of recommendations of critical changes required in the 
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innovation structure of the construction industry to promote innovation by contractors, the 
primary actors of this study. The systems thinking approach offered a useful and flexible 
approach of mapping out and analysing the innovation approaches of the construction 
industry, which an alternative would have been at best an ersatz approach.    
12.8 LIMITATIONS OF RESEARCH 
This study has four main limitations. First, most of the secondary data employed are on 
the expenditure side of R&D. They reflect the cost of inputs of the technological change 
process. However, there is no certainty that there is a stable relationship between the 
inputs and the outputs of R&D over time. These statistics serve only as indicators of 
effort, not of results. In addition, there are views in the literature that R&D expenditure 
alone cannot be the appropriate measure of contractors’ level of innovation. For instance, 
Anderson (2005) observes that by using business R&D as the only measure of innovation, 
many authors note that the construction industry has very low R&D expenditure relative 
to other industries. Likewise, Canner and Mass (2005) observe that the evidence of 
sizeable investments in innovation resulting in a significant stream of breakthroughs is 
not overwhelming. This is because the level of innovation often also depends on tacit 
knowledge and ‘learning-by-doing’.  
Anderson (2005) further observes that the measurement of innovation needs to be 
broadened to investigate other important actors who have key roles in construction 
innovation such as the service sector, government agencies, building owners and 
managers, as well as the other actors involved in the various phases of the life cycle of 
built structures. In addition, this study only considers the macro aspect of construction 
firms in innovation. There are other issues that may affect contractors’ level of innovation 
that may not have been covered by the study. One such issue is the contractual 
arrangement adopted by the client that often does not encourage or consider innovation 
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aspects during procurement. Another issue is the consideration of culture where the 
management processes in some countries are more mature and advanced. Hence, some of 
the foreign companies innovate due to technical and management challenges and the 
available margin to invest in innovation. 
This study agrees with the literature that the level of innovation often depends on 
tacit knowledge and 'learning-by-doing' in project-based environments. However, the 
inability to measure and capture such intangible, project-based data has been the 
drawback of innovation studies in providing precise accuracy to the level of innovation in 
construction. Nonetheless, it is often not the precision that is of central importance but the 
search for a suitable alternative that allows researchers to persist in their studies.  
Indeed, R&D expenditures alone cannot be the appropriate measure of contractors' 
level of innovation. However, the alternative would be to conduct surveys on 17 nations’ 
contractors that would only provide a partial representation of contractors’ total R&D 
expenditure. This is inappropriate because, firstly, this study took on a macro approach in 
its analysis. Hence, such partial representation would be insufficient for comparison and 
regression against other NSI variables such as construction GDP and annual foreign direct 
investment in construction. Secondly, this study involved the investigation of 17 
countries. Hence, comparable data based on international methodology is important. 
Through surveys, it would be difficult to define innovation in a way that is acceptable for 
every country’s way of business conduct and culture. Lastly, the scale of the survey 
would be too large for this study to undertake. Therefore, this study adopted the 
guidelines set in the OECD’s Frascati Manual, which provides secondary data that are 
gathered in accordance with international standards of data collection methodologies. The 
Frascati Manual (OECD, 2002a) suggests that expenditure side of R&D can be a suitable 
proxy for the level of innovation. 
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Second, the NSI model presented in this study was only partially validated, 
statistically. From all the NSI variables presented in the model, only 11 key NSI 
variables, including this study’s dependent variable, had been subjected to non-linear 
regression. The rest of the secondary NSI variables that link these key NSI factors were 
not analysed quantitatively. This is because they are qualitative, intangible factors that 
could not be satisfactorily represented by other proxies. Nevertheless, they are necessary 
to provide a logical flow of notions throughout various feedbacks within the model. 
However, the introduction of these variables does not distort the flow of relation each key 
independent variable has with the dependent variable in the NSI model. In addition, 
causation and correlation were proven for the key NSI variables that could be measured 
quantitatively through non-linear regression. These key NSI variables determine the 
primary structure of the NSI model. Overall, the logics in the NSI are validated through 
interviews with various construction parties. Therefore, from these results, the model 
developed is a good representation of reality of the NSI. Hence, it is a valid tool for the 
theoretical explanation of the interactions between and within the NSI actors and NSI 
variables.  
Third, the model is based on the assumption of a perfect market where information 
is available to all NSI actors. However, in reality this is seldom true, transmissions of 
information may be delayed or only partially conveyed. Therefore, pressures to innovate 
may not be felt in the immediate but is dependent on the quality of linkages and the 
effectiveness of government indicators.   
Lastly, the recommendations of government policies assume that the benefits of 
governmental intervention, even if they apparently achieve their purpose, exceed the costs 
incurred by society. However in reality, this may not be so. Nonetheless, as the ways of 
policy making depends very much on the traditions and political arrangements of 
     343 
individual countries, especially with respect to the role of governments in economic 
affairs, it is therefore not within the consideration of this study to investigate the cost 
benefit analysis of each governmental policy. The purpose of this study was to place 
before the policy-makers, the strategies and policies that may offer superior performance 
of the construction industry through innovation. The choice between improved 
performance and the alternative will be contingent on the volume and superiority of 
resources of the intending party. 
12.9 RECOMMENDATIONS FOR FUTURE STUDY 
There are two aspects that this study can be engaged in further studies.  
First, improvements can be made to this study’s NSI model through the application 
of quantitative systems dynamics. This involves forming mathematical equations through 
quantifying each relationship within the NSI model. Through such an approach, it would 
allow the prediction of future trends by the input of the predicted values of each key NSI 
variable in the equations. This would thus, be a valuable tool for policy-making and 
regulation of the construction industry. However, this would imply that there is a need to 
consider the critical problems faced by the researcher (Section 4.2.1.2), which deterred 
this study from applying similar methodology.    
Second, the current study can be expanded to an international framework. Since the 
direction and speed of innovation and technology diffusion is determined by the market 
and non-market institutions in a country, by framing the country as a unit of innovation, 
its influences will constitute to a wider international system of innovation. Innovation 
systems therefore can also exist at other levels such as worldwide, regional or local 
networks of firms and cluster industries. The OECD (1999) also supports this notion, 
acknowledging the possibilities of regional clusters. Further analysis can thus be carried 
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out on the interactions and connectivity between different NSI to constitute an 
International System of Innovation (ISI) that transcends national boundaries.  
12.10   PUBLICATION OUTPUT FROM THIS STUDY 
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Figure A2. Plot of local contractors’ level of innovation against foreign contractors’ 
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Figure A4. Plot of local contractors’ level of innovation against national institutions’ level 
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Figure A5. Plot of local contractors’ level of innovation against technological cooperation 
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APPENDIX (B) INTERVIEW GUIDES 
 
B1. Interview questions for contractors 
 
The contractor or a staff within a contractor’s company who has a firm knowledge of the 
decision making procedure of R&D investments or future R&D plans of the company 
may answer these questions.   
 
1. Contractor’s perception of innovation risks 
To investigate whether construction firm’s perception of innovation risk have an 

















































What are the innovation risks that your
company perceive when investing in R&D? 
Does your company’s perception of
innovation risks affect its level of investment
in R&D?
Yes No
The perception of risk in 
your company is 
influenced by what 





assist your company 
in controlling 
innovation risks?  
What factors/events 
contribute to your 
company’s high 
threshold of risk? 
Innovation risks are not a contributing factor to 
your company’s investment in R&D due to 
your company’s high threshold of risk? 
Is this perception of risk influenced by the
importance of the innovation’s success on
your company in general and/or the project
it is being implemented in particular? 
   A8
2. Drivers of contractor’s investment in innovation 
To investigate whether construction productivity and quality and contactor’s profit 
drives contractors to invest in innovation.  
 
Construction productivity and quality (To validate the logics of causal loop B1): 
 
“Society” comprises the end users of the building product who are not the first 
initiator of the construction process but may indirectly affect the construction 


















































How does it influence your company’s level of
investment in innovation? 
What other significant business strategies will
improve your company’s profit? (Such as?) 
Is the level of profit a contributory factor to your 
company’s level of investment in R&D? 
Is the availability of excess funds an important
contributory factor to your company’s level of
investment in innovation? (Why?) 
What are the significant business strategies that
will improve your company’s profit? (Such as?) 
Yes No
Yes N
When your company experiences a high level of 
profit, is investments in R&D a strategy to 
maintain your company’s competitivness? 
Yes No
Are these strategies due to society’s 
expectations/demands for a higher level of 
construction productivity and quality?  
(Why?) 
Other than R&D, are there more effective 
strategies that will improve your company’s 
productivity and quality? (Such as?) 
Yes No
Is this due to society’s expectations/demands
for a higher level of construction productivity
and quality? 
Is your company’s level of investment in 
R&D influenced by your company’s level of 
construction productivity and quality?
What are the factors that induce 
your company to invest to 
increase its construction 
productivity and quality? 
   A9
3. Contractor’s selection of partners for technological cooperation 
To investigate the factors which induce contractors to engage in technological 
cooperation with either “related and supporting industries” or “national institutions”. 
(To validate the logics of causal loop R2, R3, R6 and R8). 
 
Related and supporting industries: 
“Related industries” are those in which firms can coordinate or share activities in the 
value chain when competing, or those which involves products that are 
complementary. (Porter, 1998, p. 105) 
Examples in the context of Singapore’s construction industry: Consultants such as 
architects, M&E engineers and structural engineers 
“Supporting industries” are also known as “supplier industries”. 
Examples in the context of Singapore’s construction industry:Construction material 
and equipment suppliers 
 
National institutions: 
“National institutions”are national mechanisms, such as governments, higher 
educational institutes and national research institutes, by which new technologies are 
developed and transferred (Freeman, 1989 and Nelson, 1993). 
Examples in the context of Singapore’s construction industry:Building and 


























4. Industrial clusters 
To investigate contractor’s perception of the importance of cluster network of firms in 
cultivating their R&D capabilities. (To validate the logics of causal loop R4). 
 
Clusters are defined as ‘the geographical concentrations of interconnected 
companies, specialized suppliers, service providers, firms in related industries, and 
institutions (for example, universities, standards agencies, and trade associations) in 
particular fields that compete but also cooperate’ (Porter, 1998, p199). 
 
How does your company determine whether 
related and supporting firms or national 
institutions is a better partner for innovation?
What are the factors that your company 
considers when selecting an appropriate 
partner for innovation? 
Does your company have a preference, between 
related and supporting firms and national 
institutions, as a partner for innovation? 
Yes No
Would you thus agree that technological cooperation with suppliers or
other related and supporting firms is a viable strategy to:  
(i) lower innovation costs 
(ii) lower innovation risks
Would you thus agree that technological cooperation with national
institutions (such as BCA and NUS) is a viable strategy to:  
(i) lower innovation costs 
(ii) lower innovation risks
   A10
Hence, it is a network of construction companies, related and supporting firms and 
















5. Foreign Contractors – Market Share 
To investigate the impact of a contractor’s change in construction productivity and quality 
on his market share in the Singapore construction market. (To validate the logics of 
causal loop B4, B5, B6 and R7). 
 
“Client” designates the initiator of the construction process, the individual or group 
financing the project that thus have a direct impact on the construction company’s 


































Do you see the formation of industrial clusters important 
for your company to cultivate a higher level of 
technological capability?  
(Why?) 
Is your company currently participating in an industrial 
cluster of firms and institutions that shares knowledge 
and new technologies?
Yes/No
When your company absorbs increase in
project cost? 
When your company transfers the increase in
project cost to clients? 
If your company’s construction productivity 
and quality improves, do you see a rise in the
demand for your company’s services in 
Is client’s influence of cost over quality is
pertinent to your company’s level of
investment in R&D? (Why?)
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6. Foreign Contractors – Dependence on technology transfers 
To investigate contractor’s dependence on foreign transfer of technology for new 


























7. Influence of exports on contractors 
To investigate the impact of a contractor’s/construction company’s export of 
construction services on his/their level of investment in construction innovation. (To 




























Was the goal of higher profit a contributory 
factor to your company’s decision to export 
construction services? 
Will the goal of higher profit induce your 
company to engage in export of construction 
services?
Is your company an exporter of construction
services? 
Yes No
What factors induced your
company to engage in export of
construction services?
Yes No
Did the export of services generally enable 
your company to develop/take an interest in 
developing higher technological (R&D) 
capabilities? 
What factors will induce your 
company to engage in export of 
construction services? 
Yes No
Will the export of services generally enable 
your company to develop/take an interest in 
developing higher technological (R&D) 
capabilities? 
How did the new technology received
from foreign contractors influence your
company’s level of investment in
R&D?  
Did this experience of collaboration
with foreign contractors induce
your company to engage in your
own R&D? 
Y N
Is this a technological strategy that
your company will continue to seek
for? 
Y N
Did the transfer of technology from foreign 
contractors to your company improved your 
company’s technological or R&D capability?
Did your company engage in any project that
involves transfers of technology from
foreign contractors to your company?
N
Are there other factors 
that inhibit foreign 
contractors to transfer 
their technology? 
N
Is it due to the protectiveness of foreign
contractors over their technology?  
Y
Y
   A12
8. Influence of government’s investment in industrial advancement on contractor’s 
level of investment in innovation  
To investigate the impact of government’s investment in construction technology on 
contractor’s/construction company’s level of investment in construction innovation. 

















































Why do you feel so? Will government’s expenditure in 
construction R&D impede contractor’s 
investment in innovation? 
In your opinion, does government’s
expenditure in construction R&D drive
contractors to increase their level of
Why do you feel so? 
Yes No
   A13
B2. Interview questions for Foreign contractors  
 
The contractor or a staff within a contractor’s company who has a firm knowledge of the 
decision making procedure of R&D investments or future R&D plans of the company 
may answer these questions.   
 
1. Contractor’s perception of innovation risks 
To investigate whether construction firm’s perception of innovation risk have an 


























2. Drivers of contractor’s investment in innovation 
To investigate whether construction productivity and quality and contactor’s profit 
drives contractors to invest in innovation.  
Construction productivity and quality (To validate the logics of causal loop B1): 
“Society” comprises the end users of the building product who are not the first 
initiator of the construction process but may indirectly affect the construction 

















What are the innovation risks that your
company perceive when investing in R&D? 
Does your company’s perception of
innovation risks affect its level of investment 
in R&D?
Yes No
The perception of risk in 
your company is 
influenced by what 





assist your company 
in controlling 
innovation risks?  
What factors/events 
contribute to your 
company’s high 
threshold of risk? 
Innovation risks are not a contributing factor to
your company’s investment in R&D due to
your company’s high threshold of risk? 
Is this perception of risk influenced by the
importance of the innovation’s success on
your company in general and/or the project
it is being implemented in particular? 
Ye No
Are these strategies due to society’s 
expectations/demands for a higher level of 
construction productivity and quality?  
(Why?) 
Other than R&D, are there more effective 
strategies that will improve your company’s 
productivity and quality? (Such as?) 
Ye No
Is this due to society’s expectations/demands 
for a higher level of construction 
productivity and quality? 
Is your company’s level of investment in 
R&D influenced by your company’s level of 
construction productivity and quality?
What are the factors that induce 
your company to invest to 
increase its construction 
productivity and quality? 
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3. Contractor’s selection of partners for technological cooperation 
To investigate the factors which induce contractors to engage in technological 
cooperation with either “related and supporting industries” or “national institutions”. 
(To validate the logics of causal loop R2, R3, R6 and R8). 
 
Related and supporting industries: 
“Related industries” are those in which firms can coordinate or share activities in the 
value chain when competing, or those which involves products that are 
complementary. (Porter, 1998, p. 105) 
Examples in the context of Singapore’s construction industry: Consultants such as 
architects, M&E engineers and structural engineers. “Supporting industries” are 
also known as “supplier industries”. Examples in the context of Singapore’s 
construction industry:Construction material and equipment suppliers 
 
National institutions: 
“National institutions”are national mechanisms, such as governments, higher 
educational institutes and national research institutes, by which new technologies are 
developed and transferred (Freeman, 1989 and Nelson, 1993). Examples in the 
context of Singapore’s construction industry:Building and Construction Authority 













How does it influence your company’s level
of investment in innovation? 
What other significant business strategies
will improve your company’s profit? (Such
as?)
Is the level of profit a contributory factor to 
your company’s level of investment in R&D?
Is the availability of excess funds an 
important contributory factor to your 
company’s level of investment in innovation?
What are the significant business strategies 




When your company experiences a high level 
of profit, is investments in R&D a strategy to 
maintain your company’s competitivness?


























4. Industrial clusters 
To investigate contractor’s perception of the importance of cluster network of firms in 
cultivating their R&D capabilities. (To validate the logics of causal loop R4). 
 
Clusters are defined as ‘the geographical concentrations of interconnected 
companies, specialized suppliers, service providers, firms in related industries, and 
institutions (for example, universities, standards agencies, and trade associations) in 
particular fields that compete but also cooperate’ (Porter, 1998, p199). 
 
Hence, it is a network of construction companies, related and supporting firms and 























How does your company determine whether 
related and supporting firms or national 
institutions is a better partner for innovation? 
What are the factors that your company 
considers when selecting an appropriate 
partner for innovation?  
Does your company have a preference, between 
related and supporting firms and national 
institutions, as a partner for innovation? 
Yes No
Would you thus agree that technological cooperation with suppliers
or other related and supporting firms is a viable strategy to:  
(iii) lower innovation costs 
(iv) lower innovation risks
Would you thus agree that technological cooperation with national
institutions (such as BCA and NUS) is a viable strategy to:  
(iii) lower innovation costs 
(iv) lower innovation risks
Do you see the formation of industrial clusters important
for your company to cultivate a higher level of 
technological capability?  
(Why?) 
Is your company currently participating in an industrial 
cluster of firms and institutions that shares knowledge 
and new technologies?
Yes/No
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5. Market Share 
To investigate the impact of a contractor’s change in construction productivity and quality 
on his market share in the Singapore construction market. (To validate the logics of 
causal loop B4, B5, B6 and R7). 
 
“Client” designates the initiator of the construction process, the individual or group 
financing the project that thus have a direct impact on the construction company’s 



















6. Dependence on technology transfers 
To investigate contractor’s dependence on foreign transfer of technology for new 






























When your company absorbs increase in
project cost? 
When your company transfers the increase in
project cost to clients? 
If your company’s construction productivity and 
quality improves, do you see a rise in the demand 
for your company’s services in Singapore? 
Is client’s influence of cost over quality is
pertinent to your company’s level of
investment in R&D? (Why?)
Why?  
 
Did this experience of collaboration with 
local contractors induce your company to 
engage in further R&D?
Yes No





Is it due to the 
incapability of 
local contractors 
to absorb the new 
technology?
Yes No
Did you see an improvement on 
local contactors’ technology 
through such transfers?
Yes No
Did your company engage in any project that
involves transfers of technology from your 






What are the 





Is this a strategy to maintain
your competitiveness? 
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7. Influence of exports on contractors 
To investigate the impact of a contractor’s/construction company’s export of 
construction services on his/their level of investment in construction innovation. (To 



























8. Influence of government’s investment in industrial advancement on contractor’s 
level of investment in innovation  
To investigate the impact of government’s investment in construction technology on 
contractor’s/construction company’s level of investment in construction innovation. 























Was the goal of higher profit a contributory 
factor to your company’s decision to export 
construction services? 
Will the goal of higher profit induce your 
company to engage in export of construction 
services?
Is your company an exporter of construction
services? 
Yes No
What factors induced your
company to engage in export of
construction services?
Yes No
Did the export of services generally enable your 
company to develop/take an interest in 
developing higher technological (R&D) 
capabilities? 
What factors will induce your 
company to engage in export of 
construction services? 
Yes No
Will the export of services generally enable your 
company to develop/take an interest in 
developing higher technological (R&D) 
capabilities? 
Why do you feel so? Will government’s expenditure in 
construction R&D impede contractor’s 
investment in innovation? 
In your opinion, does government’s expenditure in
construction R&D drive contractors to increase
their level of innovation? 
Why do you feel so? 
Yes No
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B3. Interview questions for clients 
 
“Client” refers to the initiator of the construction process, the individual or group 
financing the project that thus have a direct impact on the construction company’s 
decision to innovate.  
The client or staff of his company may answer these questions. 
   
1. Role of clients in the NSI 
To investigate the role of clients in influencing contractor’s decision to innovate (To 
validate the logics of causal loop B4, B5, B6 and R7). 
(a.) A contractor introduces a new construction process or product at the tendering 
stage. Will your company decide to procure his services if: 
(i) There is no price premium (Why?) 
(ii) There is a price premium (Why?) 
(b.) Does a client play a supporting role in a contractor’s decision to innovate? 
(c.) When will clients consider it important for contractors to adopt a new product or 
process? 
 
2. Market Share 
To investigate the impact of a contractor’s change in construction productivity and 
quality on his market share in the Singapore construction market. (To validate the 
logics of causal loop B4, B5, B6 and R7) 
(a.) For a project in Singapore, does your company have a preference of foreign 
contractors or local contractors? (Why?) 
 Is it due to their technological capabilities? 
 
(b.) For a project in Singapore, is construction productivity a deciding factor in 
procurement, when time constraints are minimal? 
(i) When there is a price premium. 
(ii) When there is no price premium. 
 
(c.) For a project in Singapore, is construction quality a deciding factor in 
procurement? 
(iii) When there is a price premium. 
(iv) When there is no price premium. 
  
3. Industrial clusters 
To investigate a client’s perception of the importance of cluster network of firms for 
the construction sector in cultivating higher construction R&D capabilities within the 
industry. (To validate the logics of causal loop R4). 
Clusters are defined as ‘the geographical concentrations of interconnected 
companies, specialized suppliers, service providers, firms in related industries, and 
institutions (for example, universities, standards agencies, and trade associations) in 
particular fields that compete but also cooperate’ (Porter, 1998, p199). 
Hence in the context of a construction industry, it is a network of construction 
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companies, related and supporting firms and national institutions that shares and 
facilitates the flow of information, skills and resources. 
(a.) Is your company currently participating in an industrial cluster of firms and 
institutions that shares knowledge and new technologies? 
(b.) Do you see the formation of industrial clusters important for the cultivation of a 
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B4. Interview questions for national institutions 
 
“National institutions”are national mechanisms, such as governments, higher 
educational institutes and national research institutes, by which new technologies are 
developed and transferred (Freeman, 1989 and Nelson, 1993). 
 
A staff within a national institute who has a firm knowledge of the national level of 
contractor’s R&D investments and national policies that influences contractor’s R&D 
investments may answer these questions.   
 
1. Role of national institutions (NI) in the NSI 
“Society” comprises the end users of the building product who are not the first 
initiator of the construction process but may indirectly affect the construction 
company’s decision to innovate through their level and type of demand for building 
products.  
To investigate whether society’s pressure for higher construction productivity and 








To investigate NI’s perception on whether society’s pressure for higher construction 
productivity and quality influences a contractor’s decision to innovate (To validate 


























Does your institution play a supporting role in
transferring the right signals to the contractors
to induce them to innovate? 
From the viewpoint of a NI, what other factors
influence a contractor’s decision to invest in
R&D?
In your opinion, does society’s expectations/demands for a 
higher level of construction productivity and quality affect 
contractor’s decision to engage in R&D? 
Yes No
Does society’s expectations/demands for a higher level of construction productivity and quality 
affect your institution’s decision to engage in R&D? 
(Why/) 
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2. Industrial clusters 
To investigate NI’s perception of the importance of cluster network of firms for the 
construction sector. (To validate the logics of causal loop R4). 
Clusters are defined as ‘the geographical concentrations of interconnected 
companies, specialized suppliers, service providers, firms in related industries, and 
institutions (for example, universities, standards agencies, and trade associations) in 
particular fields that compete but also cooperate’ (Porter, 1998, p199). Hence, it is a 
network of construction companies, related and supporting firms and national 















3. Contractor’s selection of partners for technological cooperation 
To investigate the role of NI in technological cooperation with a contractor. (To 



























Will your institution spearhead an initiative 
to cultivate such an industrial cluster? 
(How?) 
Why is this so? 
Do you see the formation of industrial clusters 
important for the cultivation of a higher level of 
technological capability in the construction 
Yes No
Is your institution currently participating in an 
industrial cluster of firms and institutions that 
shares knowledge and new technologies?
Yes/No
What are the benefits that a contractor will gain 
from a technological cooperation with your 
institution?  
How can more contractors be encouraged to
engage in technological cooperation with your
institution? 
Yes No 
What are the costs that a contractor will bear from
a technological cooperation with your institution?
Is your institution engaged in technological
cooperation with a contractor? 
 
Would you agree that for a contractor to engage
in technological cooperation with your institution
is a viable strategy for him to:  
(v) lower innovation costs 
(vi) lower innovation risks
Yes/No
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4. Foreign Contractors – Dependence on technology transfers 
To investigate NI’s perception of Singapore contractors’ dependence on foreign 























5. Influence of exports on contractors 
To investigate NI’s perception of the impact of a contractor’s/construction company’s 
export of construction services on his/their level of investment in construction 
























Why is this so? Why is this so? 
Yes No
Did the export of services generally enable 
contractors to develop/take an interest in developing
higher technological (R&D) capabilities?
How did the new technology received from
foreign contractors influence contractor’s
level of investment in innovation?  
 
Did this experience of 
collaboration with foreign 
contractors induce contractors to 
engage in their own R&D? 
Yes No
Do you see this as a sustainable strategy that
contractors will continue to seek for in order to
improve on their technological capabilities? 
Yes
In your opinion, does the transfer of technology from 
foreign contractors to Singapore contractors improve 
contractors’ technological or R&D capability? 
Do you observe a transfer of technology from 






Are there other 
factors that inhibit 




Is it due to the protectiveness of foreign
contractors over their technology?  
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6. Influence of NI’s investment in industrial advancement on contractor’s level of 
investment in innovation  
To investigate the impact of NI’s investment in construction technology on 
contractor’s/construction company’s level of investment in construction innovation. 
















































Why do you feel so? Will your institution’s R&D in construction
technology impede contractor’s investment
in innovation?
In your opinion, does your institution’s 
expenditure in construction R&D drive 
contractors to increase their level of 
innovation? 
Why do you feel so? 
Yes No
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APPENDIX (C) LIST OF INTERVIEWEES 
 
 
Including positions held as of the time of the interview/correspondence 




C1.1 Small Construction companies  
 
Anonymous 
GreatLand Building Construction Pte Ltd. 
 
Anonymous 
Jurong Builders Pte Ltd. 
 
Goh Wee Keong, Derek 
Marketing Executive 
Armourflex Coating Pte Ltd. 
 
C1.2 Medium Construction companies 
 
Anonymous 
Antara Koh Pte Ltd.  
 
Anonymous 
Jurong Engineering Limited 
 
Anonymous 
Fook Tong Nam Development Pte Ltd 
 
C1.3 Large Construction companies 
 
Chia Choon Yong 
Senior Project Coordinator 
Keong Hong Construction Pte Ltd.  
 
Elieen Teo 
Business Process Manager 
Tiong Seng Contractors (Pte) Ltd. 
 
Low Kwee Hong 
Project Engineer 
Kienta Engineering Construction Pte Ltd.  
 




IRE-Sato Kogyo Joint Venture 
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Lim Chong Lai 
Project Director 
Kajima Overseas Asia Pte Ltd. 
 
H. E. Eoon  
Deputy Managing Director 




C3.1 Private Clients 
 
Stephen Choo 
General Manager, Projects of Regional Investments 








United Engineers Developments Pte Ltd.  
 
C3.2 Public Clients 
 
Ng Say Chong 
Deputy Director (Technology Development) 








Defence Science and Technology Agency 
 
C4. National Institutions   
 
Simon Lee Fun 
Executive Director 
The Singapore Contractors Association Ltd. 
 
Rose Nguan C.S. 
Senior Development Officer 
Building and Construction Authority 
 
Tham Kwok Wai (Associate Professor) 
Deputy Director  
Centre for Total Building Performance, National University of Singapore 
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Companies listed according to alphabetical order and not to merit 
 
1. Chi Teng Enterprises Pte Ltd. 
2. Eng Lim Construction Co (Pte) Ltd 
3. Evan Lim & Co Pte Ltd 
4. Keong Hong Construction Pte Ltd.  
5. Kienta Engineering Construction Pte Ltd. 
6. Kimly Construction Pte Ltd.  
7. Koh Brothers Building and Civil Engineering Contractors (Pte) Ltd. 
8. Teambuild Construction Pte Ltd 
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APPENDIX (E)  LIST OF PUBLIC CLIENTS 
 
 
1. Civil Aviation Authority of Singapore (CAAS) 
2. Community Development, Youth and Sports, Ministry of (MCYS) 
3. Defence Science and Technology Agency (DSTA) 
4. Economic Development Board (EDB) 
5. Education, Ministry of (MOE) 
6. Energy Market Authority (EMA) 
7. Housing and Development Board (HDB) 
8. Infocomm Development Authority of Singapore (IDA) 
9. JTC Corporation (JTC) 
10. Land Transport Authority (LTA) 
11. Maritime and Port Authority of Singapore (MPA) 
12. National Environment Agency (NEA) 
13. National Library Board (NLB) 
14. People’s Association (PA) 
15. Preservation of Monuments Board (PMB) 
16. Professional Engineers Board, Singapore (PEB) 
17. Public Utilities Board (PUB) 
18. Singapore Sports Council (SSC) 
19. Trade and Industry, Ministry of (MTI) 





   A28
APPENDIX (F)  LIST OF NATIONAL INSTITUTIONS 
 
1. Board of Architects (BOA) 
2. Building and Construction Authority (BCA) 
3. Construction Industry Training Institute (CITI) 
4. Institute of Engineering Science (IES)  
5. Institute of Engineers Singapore 
6. Institute of Materials Research and Engineering (IMRE) 
7. Nangyang Technological University 
8. National University of Singapore 
9. Professional Engineers Board, Singapore (PEB) 
10. Real Estate Developers’ Association of Singapore (REDAS) 
11. Singapore Contractors Association Limited 
12. Singapore Institute of Architects (SIA) 
13. Singapore Institute of Builders 
14. Singapore Institute of Surveyors and Valuers (SISV) 
15. Singapore Land Authority (SLA) 
16. Society of Project Managers 
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APPENDIX (G) BCA REGISTRATION REQUIREMENTS  
 
Source: BCA directory of registered contractors (BCA, 2005). 
 
















































30.0m of which 
22.5 MC 
7.5 SP 








10.0m of which 
7.5m MC 
2.5m SP 





























1) m stands for million  
2) Both minimum (min) paid-up capital and minimum net worth must be met.  
3) PS – projects executed for public sector agencies in Singapore 
4) MC – main contracts (nominated sub-contracts may be included) 
5) SP – minimum size single project  
6) Percentage of sub-contract value taken into consideration shall be 50% for CW01 and 75% for 
CW02. 
7) P/T – Professional and Technical personnel with relevant qualifications (see Table B2 for more 
details). 
8) PEB – Professional Engineers Board of Singapore 
9) BOA – Board of Architects of Singapore 
10) ISO 9000:2000 must be SAC accredited  
11) ISO 14000 & OHSAS 18000 (by 1 Jul 2004) 
 
* One third of P/T personnel must possess relevant qualifications from universities recognised by PEB 
or BOA. The lists can be obtained from the Internet at www.peb.gov.sg and www.boa.gov.sg 
respectively. 
 
** For renewal cases, projects completed satisfactorily in the past 5 years including ongoing projects 
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APPENDIX (H):  ONE SAMPLE T-TEST FOR SMALL HIGH-INCOME 
COUNTRIES 
 
One Sample t-test for Small, Lower High-Income Countries 
 
Test Hypothesis: (Using a 5% level of significance) 
Ho: μ1 = μ2 = μ3  
All three countries in the small, lower high-income countries sample have similar 
construction industry sizes. 
H1 :  μ1 ≠ μ2 ≠ μ3 
All three countries in the small, lower high-income countries sample have 
significantly different levels of investments in construction innovation. 
 
Test Results: 
Table 1: One-Sample Test for Small, Lower High-Income Countries 
Test Value = 0 
95% Confidence Interval of the Difference
 
 T df Sig. (2-tailed) Mean Difference
Lower Upper 
SMALL 3.149 2 .088 28872.3333 -10579.0854 68323.7521 
 
Conclusion 
Table 1 presents the significant value of 0.088. Since this value is higher than the 5% 
(0.05) test level of significance, Ho is accepted. Hence, all three countries in the small, 
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One Sample t-test for Small, Medium High-Income Countries 
 
Test Hypothesis: (Using a 5% level of significance) 
Ho: μ1 = μ2 = μ3 = μ4 = μ5 = μ6 
All six countries in the small, medium high-income countries sample have similar 
construction industry sizes. 
H1 :  μ1 ≠ μ2 ≠ μ3 ≠ μ4 ≠ μ5 ≠ μ6 
All six countries in the small, medium high-income countries sample have 
significantly different levels of investments in construction innovation. 
 
Test Results: 
Table 2: One-Sample Test for Small, Medium High-Income Countries 
 
Test Value = 0 
95% Confidence Interval of the Difference
 
 T df Sig. (2-tailed) Mean Difference
Lower Upper 




Table 2 presents the significant value of 0.061. Since this value is higher than the 5% 
(0.05) test level of significance, Ho is accepted. Hence, all six countries in the small, 
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One Sample t-test for Small, Upper High-Income Countries 
 
Test Hypothesis: (Using a 5% level of significance) 
Ho: μ1 = μ2 = μ3  
All three countries in the small, upper high-income countries sample have similar 
construction industry sizes. 
H1 :  μ1 ≠ μ2 ≠ μ3 
All three countries in the small, upper high-income countries sample have 
significantly different levels of investments in construction innovation. 
 
Test Results: 
Table 3: One-Sample Test for Small, Upper High-Income Countries 
 
Test Value = 0 
95% Confidence Interval of the Difference
 
 T df Sig. (2-tailed) Mean Difference
Lower Upper 
LARGE 4.143 2 .051 539384.0000 39510.5997 1039257.4003 
 
Conclusion 
Table 3 presents the significant value of 0.051. Since this value is higher than the 5% 
(0.05) test level of significance, Ho is accepted. Hence, all three countries in the 
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One Sample t-test for all Small, High-Income Countries 
 
Test Hypothesis: (Using a 5% level of significance) 
Ho: μ1 = μ2 = μ3 … = μ12 
All three countries in the small, high-income countries sample have similar 
construction industry sizes. 
H1 :  μ1 ≠ μ2 ≠ μ3 …≠ μ12 
All three countries in the small, high-income countries sample have significantly 
different levels of investments in construction innovation. 
 
Test Results: 
Table 4: One-Sample Test for Small, High-Income Countries 
 
Test Value = 0 
95% Confidence Interval of the 
Difference 
 




COUNTRY 4.100 11 .044 151370.9167 -7264.7769 310006.6103 
 
Conclusion 
Table 3 presents the significant value of 0.044. Since this value is higher than the 5% (0.05) test level 
of significance, Ho is accepted. Hence, all three countries in the small, upper high-income 
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APPENDIX (I) ONE SAMPLE T-TEST FOR SUITABILITY OF AVERAGE 
EXPENDITURE IN CCR ANALYSIS 
 
 
Table I 1. t-test for Small, lower high-income countries 
 
  Test Value = 0 




Interval of the 
Difference 
          Lower Upper 
1992 1.958 2 .189 9.8393 -11.7858 31.4645
1993 2.037 2 .179 7.5143 -8.3553 23.3839
1994 1.929 2 .193 5.5990 -6.8887 18.0867
1995 1.367 2 .305 14.2543 -30.6132 59.1218
1996 1.327 2 .316 17.3077 -38.8072 73.4225
1997 1.477 2 .278 14.1073 -26.9939 55.2086
1998 1.403 2 .296 11.3650 -23.4832 46.2132
1999 1.463 2 .281 14.7310 -28.5931 58.0551
2000 2.133 2 .167 25.1470 -25.5807 75.8747
2001 2.201 2 .159 21.1907 -20.2302 62.6115




Table I 2. t-test for Small, medium high-income countries 
 
  Test Value = 0 




Interval of the 
Difference 
          Lower Upper 
1992 2.966 5 .031 13.58950 -4.88388 32.06288
1993 3.012 5 .030 12.65133 -4.28348 29.58615
1994 3.081 5 .027 18.04133 -5.57121 41.65388
1995 2.853 5 .036 20.41250 -8.43677 49.26177
1996 2.762 5 .040 23.50583 -10.80429 57.81596
1997 3.387 5 .020 23.89333 -4.55439 52.34105
1998 2.756 5 .040 25.94600 -12.00879 63.90079
1999 3.162 5 .025 27.68600 -7.61552 62.98752
2000 3.666 5 .015 23.09517 -2.30649 48.49683
2001 3.657 5 .015 24.17783 -2.47776 50.83343
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 Table I 3. t-test for Small, upper high-income countries 
 
  Test Value = 0 




Interval of the 
Difference 
          Lower Upper 
1992 2.658 2 .117 10.5330 -28.7903 49.8563
1993 2.896 2 .101 12.0980 -29.3670 53.5630
1994 2.217 2 .157 11.4973 -39.9696 62.9643
1995 1.830 2 .209 11.3867 -50.3846 73.1579
1996 1.630 2 .245 12.8897 -65.5965 91.3759
1997 1.520 2 .268 13.8850 -76.7652 104.5352
1998 2.067 2 .175 15.2137 -57.8280 88.2553
1999 1.710 2 .229 11.2337 -53.9813 76.4487
2000 2.879 2 .102 13.8940 -34.0055 61.7935
2001 3.188 2 .086 16.7183 -35.3271 68.7637
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APPENDIX (J) STEPWISE AND BACKWARD REGRESSION ANALYSIS 
 
 
J1. Small, Lower High-Income Countries 
 
J1.1. Lower High-Income Countries’ Step Wise Regression  
 
Table J1.1.1 Small, Lower High-Income Countries’ Stepwise Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .971(a) .943 .941 .439393 
2 .983(b) .967 .964 .342586 
a  Predictors: (Constant), Research Capabilities of Local Contractors 
b  Predictors: (Constant), Research Capabilities of Local Contractors, Turnover of Local Contractors 
 
 
Table J1.1.2 Small, Lower High-Income Countries’ Stepwise Coefficients  
 




Coefficients t Sig. Collinearity Statistics 
 
Model   B Std. Error Beta     Tolerance VIF 





1.156 .051 .971 22.687 .000 1.000 1.000 





1.317 .053 1.107 24.812 .000 .560 1.786 
  Turnover of Local Contractors -.518 .113 -.204 -4.582 .000 .560 1.786 
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Table J1.1.3 Small, Lower High-Income Countries’ Stepwise Excluded Variables 
 
Model   Beta In t Sig. 
Partial 
Correlation Collinearity Statistics 
            Tolerance VIF 
Minimum 
Tolerance 
Local Export of 
Construction Services -.139(a) -3.916 .000 -.582 .999 1.001 .999 
Market Share of 
Foreign Contractors .137(a) 3.854 .001 .575 .996 1.004 .996 
National Technological 





-.160(a) -3.771 .001 -.567 .712 1.405 .712 
Technological 
Cooperation between 
Local Contractors and 
National Institutions 
-.231(a) -2.375 .024 -.398 .169 5.917 .169 
Construction Labour 
Productivity .134(a) 3.665 .001 .556 .977 1.023 .977 
Construction Demand -.117(a) -2.717 .011 -.444 .813 1.230 .813 
Construction Demand 
Fluctuation .014(a) .333 .742 .061 .997 1.003 .997 
1 
Turnover of Local 
Contractors -.204(a) -4.582 .000 -.642 .560 1.786 .560 
Local Export of 
Construction Services -.039(b) -.656 .517 -.121 .320 3.128 .179 
Market Share of 
Foreign Contractors .044(b) .811 .424 .149 .379 2.639 .213 
National Technological 





-.050(b) -.800 .430 -.147 .287 3.479 .226 
Technological 
Cooperation between 
Local Contractors and 
National Institutions 
.149(b) 1.156 .257 .210 .067 14.973 .067 
Construction Labour 
Productivity .064(b) 1.536 .135 .274 .618 1.617 .354 
Construction Demand -.021(b) -.451 .656 -.083 .507 1.973 .349 
2 
Construction Demand 
Fluctuation -.003(b) -.081 .936 -.015 .984 1.016 .552 
a  Predictors in the Model: (Constant), Research Capabilities of Local Contractors 
b  Predictors in the Model: (Constant), Research Capabilities of Local Contractors, Turnover of Local Contractors 
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J1.2. Lower High-Income Countries’ Backward Regression  
 
Table J1.2.1 Small, Lower High-Income Countries’ Backward Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .986(a) .971 .958 .370811 
2 .986(b) .971 .960 .362687 
3 .986© .971 .962 .355095 
4 .985(d) .971 .963 .348407 
5 .985(e) .971 .964 .342112 
6 .985(f) .971 .966 .336449 
7 .985(g) .970 .966 .336867 
a  Predictors: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National Technological 
Cooperation, Construction Labour Productivity, Construction Demand, Local Export of Construction Services, Market Share of 
Foreign Contractors, Research Capabilities of Local Contractors, National Institutions’ Investment in Construction Innovation, 
Technological Cooperation between Local Contractors and National Institutions 
b  Predictors: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National Technological 
Cooperation, Construction Labour Productivity, Construction Demand, Local Export of Construction Services, Research 
Capabilities of Local Contractors, National Institutions’ Investment in Construction Innovation, Technological Cooperation 
between Local Contractors and National Institutions 
c  Predictors: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National Technological 
Cooperation, Construction Labour Productivity, Construction Demand, Research Capabilities of Local Contractors, National 
Institutions’ Investment in Construction Innovation, Technological Cooperation between Local Contractors and National 
Institutions 
d  Predictors: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National Technological 
Cooperation, Construction Labour Productivity, Research Capabilities of Local Contractors, National Institutions’ Investment in 
Construction Innovation, Technological Cooperation between Local Contractors and National Institutions 
e  Predictors: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National Technological 
Cooperation, Construction Labour Productivity, Research Capabilities of Local Contractors, Technological Cooperation between 
Local Contractors and National Institutions 
f  Predictors: (Constant), Turnover of Local Contractors, National Technological Cooperation, Construction Labour Productivity, 
Research Capabilities of Local Contractors, Technological Cooperation between Local Contractors and National Institutions 
g  Predictors: (Constant), Turnover of Local Contractors, National Technological Cooperation, Construction Labour Productivity, 
Research Capabilities of Local Contractors 
 
 
Table J1.2.2 Small, Lower High-Income Countries’ Backward Coefficients(a) 
 




Coefficients t Sig. Collinearity Statistics 
Model   B 
Std. 
Error Beta     Tolerance VIF 
1 (Constant) -4.431 10.754  -.412 .684   
  Local Export of 
Construction 
Services 
.010 .137 .007 .071 .944 .152 6.600 
  Market Share of 
Foreign Contractors -.012 .211 -.006 -.057 .955 .109 9.203 
  National 
Technological 
Cooperation 
-.539 .567 -.067 -.951 .352 .261 3.833 





-.085 .256 -.043 -.331 .744 .079 12.662 





.306 .419 .154 .730 .473 .029 33.916 
  Construction Labour 
Productivity 1.706 1.755 .053 .972 .342 .438 2.284 
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  Research 
Capabilities of Local 
Contractors 
1.257 .146 1.057 8.637 .000 .087 11.469 
  Construction 
Demand .070 .480 .017 .146 .885 .099 10.080 
  Construction 
Demand Fluctuation -.035 .105 -.015 -.331 .743 .681 1.468 
  Turnover of Local 
Contractors -.646 .521 -.255 -1.239 .228 .031 32.443 
2 (Constant) -4.531 10.377  -.437 .666   
  Local Export of 
Construction 
Services 
.010 .134 .007 .076 .940 .152 6.585 
  National 
Technological 
Cooperation 
-.542 .551 -.068 -.984 .336 .264 3.790 





-.080 .235 -.040 -.340 .737 .090 11.099 





.299 .395 .150 .757 .457 .032 31.593 
  Construction Labour 
Productivity 1.687 1.688 .052 1.000 .328 .453 2.209 
  Research 
Capabilities of Local 
Contractors 
1.257 .142 1.056 8.870 .000 .088 11.353 
  Construction 
Demand .078 .448 .019 .175 .863 .109 9.191 
  Construction 
Demand Fluctuation -.035 .102 -.015 -.347 .732 .689 1.452 
  Turnover of Local 
Contractors -.638 .490 -.252 -1.301 .206 .033 29.989 
3 (Constant) -4.640 10.060  -.461 .649   
  National 
Technological 
Cooperation 
-.540 .539 -.067 -1.002 .326 .265 3.777 





-.083 .226 -.041 -.365 .718 .093 10.783 





.294 .382 .148 .771 .448 .033 30.736 
  Construction Labour 
Productivity 1.654 1.594 .051 1.037 .310 .486 2.056 
  Research 
Capabilities of Local 
Contractors 
1.253 .131 1.053 9.566 .000 .099 10.124 
  Construction 
Demand .096 .372 .023 .259 .798 .152 6.600 
  Construction 
Demand Fluctuation -.037 .098 -.015 -.378 .709 .718 1.393 
  Turnover of Local 
Contractors -.623 .438 -.246 -1.421 .168 .040 24.997 
4 (Constant) -4.452 9.845  -.452 .655   
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  National 
Technological 
Cooperation 
-.536 .528 -.067 -1.015 .320 .265 3.775 





-.039 .150 -.020 -.262 .795 .203 4.928 





.270 .363 .136 .744 .464 .035 28.890 
  Construction Labour 
Productivity 1.752 1.519 .055 1.153 .260 .516 1.940 
  Research 
Capabilities of Local 
Contractors 
1.258 .127 1.057 9.882 .000 .101 9.930 
  Construction 
Demand Fluctuation -.026 .086 -.011 -.298 .768 .896 1.116 
  Turnover of Local 
Contractors -.606 .425 -.239 -1.425 .167 .041 24.436 
5 (Constant) -3.290 8.634  -.381 .706   
  National 
Technological 
Cooperation 
-.572 .502 -.071 -1.140 .265 .283 3.530 





.322 .300 .162 1.071 .294 .049 20.490 
  Construction Labour 
Productivity 1.665 1.456 .052 1.143 .263 .541 1.847 
  Research 
Capabilities of Local 
Contractors 
1.247 .119 1.048 10.494 .000 .111 8.984 
  Construction 
Demand Fluctuation -.028 .084 -.012 -.337 .739 .908 1.101 
  Turnover of Local 
Contractors -.689 .277 -.272 -2.488 .020 .093 10.757 
6 (Constant) -3.900 8.302  -.470 .642   
  National 
Technological 
Cooperation 
-.554 .491 -.069 -1.150 .269 .286 3.490 





.294 .284 .147 1.234 .211 .053 18.928 
  Construction Labour 
Productivity 1.724 1.422 .054 1.212 .236 .549 1.821 
  Research 
Capabilities of Local 
Contractors 
1.251 .116 1.052 10.758 .000 .112 8.894 
  Turnover of Local 
Contractors -.663 .261 -.262 -2.537 .017 .101 9.897 
7 (Constant) -8.507 7.014  -1.213 .235   
  National 
Technological 
Cooperation 
-.386 .463 -.048 -1.963 .041 .322 3.108 
  Construction Labour 
Productivity 2.185 1.351 .068 1.957 .050 .609 1.641 
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  Research 
Capabilities of Local 
Contractors 
1.323 .093 1.112 14.166 .000 .175 5.721 
  Turnover of Local 
Contractors -.445 .156 -.176 -2.864 .008 .286 3.498 




Table J1.2.3 Small, Lower High-Income Countries’ Backward Excluded Variables 
 
   Beta In t Sig. 
Partial 
Correlation Collinearity Statistics 






2 Market Share of 
Foreign Contractors -.006(a) -.057 .955 -.012 .109 9.203 .029 
3 Market Share of 
Foreign Contractors -.007(b) -.062 .951 -.013 .109 9.181 .030 
  Local Export of 
Construction Services .007(b) .076 .940 .016 .152 6.585 .032 
4 Market Share of 
Foreign Contractors -.015© -.154 .879 -.031 .126 7.934 .031 
  Local Export of 
Construction Services .015© .203 .841 .041 .211 4.729 .032 
  Construction Demand .023© .259 .798 .053 .152 6.600 .033 
5 Market Share of 
Foreign Contractors .004(d) .061 .952 .012 .231 4.326 .031 
  Local Export of 
Construction Services .007(d) .105 .917 .021 .239 4.176 .038 
  Construction Demand -.001(d) -.015 .988 -.003 .331 3.017 .034 




-.020(d) -.262 .795 -.052 .203 4.928 .035 
6 Market Share of 
Foreign Contractors .007(e) .104 .918 .020 .235 4.257 .034 
  Local Export of 
Construction Services .005(e) .071 .944 .014 .242 4.131 .042 
  Construction Demand -.008(e) -.145 .886 -.028 .391 2.556 .041 




-.022(e) -.304 .763 -.060 .206 4.862 .038 
  Construction Demand 
Fluctuation -.012(e) -.337 .739 -.066 .908 1.101 .049 
7 Market Share of 
Foreign Contractors .038(f) .692 .495 .132 .363 2.753 .161 
  Local Export of 
Construction Services -.024(f) -.406 .688 -.078 .308 3.251 .142 
  Construction Demand -.029(f) -.610 .547 -.117 .503 1.989 .174 
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-.050(f) -.806 .427 -.153 .287 3.485 .159 
  Construction Demand 
Fluctuation -.001(f) -.043 .966 -.008 .983 1.017 .174 





.147(f) 1.034 .310 .195 .053 18.928 .053 
a  Predictors in the Model: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National 
Technological Cooperation, Construction Labour Productivity, Construction Demand, Local Export of 
Construction Services, Research Capabilities of Local Contractors, National Institutions’ Investment in 
Construction Innovation, Technological Cooperation between Local Contractors and National Institutions 
b  Predictors in the Model: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National 
Technological Cooperation, Construction Labour Productivity, Construction Demand, Research Capabilities of 
Local Contractors, National Institutions’ Investment in Construction Innovation, Technological Cooperation 
between Local Contractors and National Institutions 
c  Predictors in the Model: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National 
Technological Cooperation, Construction Labour Productivity, Research Capabilities of Local Contractors, 
National Institutions’ Investment in Construction Innovation, Technological Cooperation between Local 
Contractors and National Institutions 
d  Predictors in the Model: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, National 
Technological Cooperation, Construction Labour Productivity, Research Capabilities of Local Contractors, 
Technological Cooperation between Local Contractors and National Institutions 
e  Predictors in the Model: (Constant), Turnover of Local Contractors, National Technological Cooperation, 
Construction Labour Productivity, Research Capabilities of Local Contractors, Technological Cooperation 
between Local Contractors and National Institutions 
f  Predictors in the Model: (Constant), Turnover of Local Contractors, National Technological Cooperation, 
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J2. Small, Medium High-Income Countries 
 
J2.1 Small, Medium High-Income Countries’ Stepwise Regression 
 
Table J2.1.1 Small, Medium Countries’ Stepwise Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .704(a) .496 .488 1.108545 
2 .759(b) .575 .562 1.025207 
3 .826© .682 .667 .893854 
4 .905(d) .820 .808 .678973 
5 .905(e) .818 .810 .675997 
6 .928(f) .860 .851 .597642 
7 .932(g) .869 .858 .582931 
a  Predictors: (Constant), Turnover of Local Contractors 
b  Predictors: (Constant), Turnover of Local Contractors, Technological Cooperation between Local Contractors 
and National Institutions 
c  Predictors: (Constant), Turnover of Local Contractors, Technological Cooperation between Local Contractors 
and National Institutions, Local Export of Construction Services 
d  Predictors: (Constant), Turnover of Local Contractors, Technological Cooperation between Local Contractors 
and National Institutions, Local Export of Construction Services, Market Share of Foreign Contractors 
e  Predictors: (Constant), Technological Cooperation between Local Contractors and National Institutions, Local 
Export of Construction Services, Market Share of Foreign Contractors 
f  Predictors: (Constant), Technological Cooperation between Local Contractors and National Institutions, Local 
Export of Construction Services, Market Share of Foreign Contractors, Research Capabilities of Local Contractors 
g  Predictors: (Constant), Technological Cooperation between Local Contractors and National Institutions, Local 
Export of Construction Services, Market Share of Foreign Contractors, Research Capabilities of Local Contractors, 
Construction Labour Productivity 
 
Table J2.1.2 Small, Medium High-Income Countries’ Stepwise Coefficients 








  B 
Std. 
Error Beta     Tolerance VIF 
1 (Constant) -11.110 1.714  -6.484 .000   
  Turnover of Local 
Contractors 1.350 .170 .704 7.931 .000 1.000 1.000
2 (Constant) -10.993 1.585  -6.935 .000   
  Turnover of Local 
Contractors 1.247 .160 .651 7.785 .000 .965 1.036





.589 .171 .287 3.439 .001 .965 1.036
3 (Constant) -11.870 1.395  -8.507 .000   
  Turnover of Local 
Contractors 1.011 .149 .527 6.783 .000 .849 1.178





.757 .154 .369 4.923 .000 .910 1.099
  Local Export of 
Construction 
Services 
.491 .107 .354 4.569 .000 .855 1.170
4 (Constant) -6.407 1.329  -4.822 .000   
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  Turnover of Local 
Contractors .117 .173 .061 .677 .501 .362 2.759





.706 .117 .344 6.031 .000 .906 1.103
  Local Export of 
Construction 
Services 
1.210 .133 .872 9.071 .000 .320 3.128
  
Market Share of 
Foreign Contractors -.755 .111 -.696 -6.816 .000 .283 3.531
5 (Constant) -5.592 .556  -10.062 .000   





.715 .116 .349 6.179 .000 .919 1.088
  Local Export of 
Construction 
Services 
1.277 .090 .920 14.241 .000 .702 1.425
  
Market Share of 
Foreign Contractors -.812 .072 -.749 -11.263 .000 .663 1.508
6 (Constant) -3.402 .709  -4.796 .000   





.929 .114 .453 8.157 .000 .743 1.346
  Local Export of 
Construction 
Services 
1.307 .080 .942 16.422 .000 .696 1.436
  
Market Share of 
Foreign Contractors -.718 .067 -.663 -10.667 .000 .594 1.684
  Research 
Capabilities of Local 
Contractors 
-.501 .117 -.238 -4.281 .000 .738 1.354
7 (Constant) 11.238 7.248  1.551 .126   





.895 .112 .436 7.966 .000 .726 1.377
  Local Export of 
Construction 
Services 
1.298 .078 .936 16.700 .000 .694 1.441
  
Market Share of 
Foreign Contractors -.755 .068 -.696 -11.086 .000 .553 1.808
  Research 
Capabilities of Local 
Contractors 
-.507 .114 -.241 -4.443 .000 .738 1.355
  Construction Labour 
Productivity -3.121 1.538 -.102 -2.029 .047 .864 1.157
Dependent Variable: Local Contractors’ Investment in Innovation 
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Table J2.1.3 Small, Medium High-Income Countries’ Stepwise Excluded Variables 
 
Model   Beta In t Sig. 
Partial 
Correlation Collinearity Statistics 
            Tolerance VIF 
Minimum 
Tolerance 
1 Local Export of 
Construction 
Services 
.263(a) 2.985 .004 .352 .907 1.103 .907 
  Market Share of 
Foreign Contractors -.037(a) -.374 .709 -.047 .799 1.251 .799 
  National 
Technological 
Cooperation 
.105(a) 1.142 .258 .142 .934 1.070 .934 





-.141(a) -.904 .369 -.113 .323 3.092 .323 






.287(a) 3.439 .001 .398 .965 1.036 .965 
  Construction 
Labour 
Productivity 
-.129(a) -1.465 .148 -.182 .992 1.008 .992 
  Research 
Capabilities of 
Local Contractors 
-.137(a) -1.550 .126 -.192 .994 1.006 .994 
  Construction 
Demand -.465(a) -2.845 .006 -.337 .266 3.760 .266 
  Construction 
Demand 
Fluctuation 
.030(a) .328 .744 .041 .939 1.065 .939 
2 Local Export of 
Construction 
Services 
.354(b) 4.569 .000 .502 .855 1.170 .849 
  Market Share of 
Foreign Contractors .037(b) .388 .699 .049 .757 1.321 .757 
  National 
Technological 
Cooperation 
.081(b) .953 .344 .120 .928 1.078 .896 





-.106(b) -.729 .468 -.092 .322 3.108 .315 
  Construction 
Labour 
Productivity 
-.105(b) -1.281 .205 -.161 .985 1.015 .955 
  Research 
Capabilities of 
Local Contractors 
-.248(b) -3.050 .003 -.361 .898 1.113 .872 
  Construction 
Demand -.543(b) -3.712 .000 -.426 .262 3.822 .262 
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  Construction 
Demand 
Fluctuation 
.092(b) 1.071 .289 .135 .901 1.109 .901 
3 
Market Share of 
Foreign Contractors -.696© -6.816 .000 -.658 .283 3.531 .283 
  National 
Technological 
Cooperation 
.041© .545 .587 .070 .914 1.094 .777 





-.028© -.219 .827 -.028 .316 3.167 .284 
  Construction 
Labour 
Productivity 
-.011© -.146 .884 -.019 .902 1.108 .783 
  Research 
Capabilities of 
Local Contractors 
-.386© -6.159 .000 -.619 .818 1.222 .778 
  Construction 
Demand -.460© -3.541 .001 -.413 .256 3.905 .241 
  Construction 
Demand 
Fluctuation 




-.069(d) -1.180 .243 -.151 .847 1.181 .262 





-.315(d) -3.258 .002 -.388 .273 3.669 .244 
  Construction 
Labour 
Productivity 
-.095(d) -1.646 .105 -.208 .865 1.156 .271 
  Research 
Capabilities of 
Local Contractors 
-.266(d) -4.726 .000 -.521 .692 1.445 .239 
  Construction 
Demand -.336(d) -3.316 .002 -.394 .247 4.043 .149 
  Construction 
Demand 
Fluctuation 




-.073(e) -1.362 .178 -.172 .996 1.004 .662 





-.181(e) -2.181 .033 -.269 .402 2.487 .283 
  Construction 
Labour 
Productivity 
-.096(e) -1.667 .101 -.209 .865 1.156 .610 
  Research 
Capabilities of 
Local Contractors 
-.238(e) -4.281 .000 -.481 .738 1.354 .594 
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  Construction 
Demand -.102(e) -1.470 .147 -.185 .603 1.660 .443 
  Construction 
Demand 
Fluctuation 
.029(e) .510 .612 .065 .935 1.070 .661 
  
Turnover of Local 




.004(f) .078 .938 .010 .857 1.167 .590 





-.004(f) -.039 .969 -.005 .280 3.577 .178 
  Construction 
Labour 
Productivity 
-.102(f) -2.029 .047 -.253 .864 1.157 .553 
  Construction 
Demand .014(f) .202 .840 .026 .492 2.032 .331 
  Construction 
Demand 
Fluctuation 
.020(f) .407 .686 .052 .933 1.071 .590 
  
Turnover of Local 




.010(g) .195 .846 .025 .854 1.171 .551 





-.019(g) -.210 .834 -.027 .278 3.602 .170 
  Construction 
Demand .053(g) .765 .447 .099 .458 2.182 .331 
  Construction 
Demand 
Fluctuation 
.009(g) .178 .859 .023 .920 1.087 .552 
  
Turnover of Local 
Contractors .154(g) 1.968 .054 .248 .339 2.946 .232 
a  Predictors in the Model: (Constant), Turnover of Local Contractors 
b  Predictors in the Model: (Constant), Turnover of Local Contractors, Technological Cooperation between Local 
Contractors and National Institutions 
c  Predictors in the Model: (Constant), Turnover of Local Contractors, Technological Cooperation between Local 
Contractors and National Institutions, Local Export of Construction Services 
d  Predictors in the Model: (Constant), Turnover of Local Contractors, Technological Cooperation between Local 
Contractors and National Institutions, Local Export of Construction Services, Market Share of Foreign Contractors 
e  Predictors in the Model: (Constant), Technological Cooperation between Local Contractors and National 
Institutions, Local Export of Construction Services, Market Share of Foreign Contractors 
f  Predictors in the Model: (Constant), Technological Cooperation between Local Contractors and National 
Institutions, Local Export of Construction Services, Market Share of Foreign Contractors, Research Capabilities of 
Local Contractors 
g  Predictors in the Model: (Constant), Technological Cooperation between Local Contractors and National 
Institutions, Local Export of Construction Services, Market Share of Foreign Contractors, Research Capabilities of 
Local Contractors, Construction Labour Productivity 
h  Dependent Variable: Local Contractors’ Investment in Innovation 
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J2.2. Small, Medium High-Income Countries’ Backward Regression 
 
J2.2.1 Small, Medium High-Income Countries’ Backward Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .944(a) .890 .875 . 547385
2 .946(b) .895 .876 . 545364
a  Predictors: (Constant), Turnover of Local Contractors, Research Capabilities of Local Contractors, Construction 
Labour Productivity, Construction Demand Fluctuation, Technological Cooperation between Local Contractors 
and National Institutions, National Technological Cooperation, Local Export of Construction Services, National 
Institutions’ Investment in Construction Innovation, Construction Demand, Market Share of Foreign Contractors 
b  Predictors: (Constant), Turnover of Local Contractors, Research Capabilities of Local Contractors, Construction 
Labour Productivity, Technological Cooperation between Local Contractors and National Institutions, National 
Technological Cooperation, Local Export of Construction Services, National Institutions’ Investment in 
Construction Innovation, Construction Demand, Market Share of Foreign Contractors 
 
J2.2.2 Small, Medium High-Income Countries’ Backward Coefficients 




Coefficients t Sig. 
Collinearity 
Statistics 
 Model   B 
Std. 
Error Beta     Tolerance VIF 
1 (Constant) .731 7.644  .096 .924   
  Local Export of 
Construction 
Services 
1.077 .123 .776 8.749 .000 .242 4.126 
  Market Share of 
Foreign Contractors -.620 .127 -.572 -4.890 .000 .139 7.175 
  National 
Technological 
Cooperation 
1.251 .637 .112 1.965 .054 .588 1.700 





-.293 .133 -.225 -2.204 .032 .183 5.469 





.839 .117 .409 7.172 .000 .586 1.708 
  Construction Labour 
Productivity -2.289 1.586 -.075 -1.443 .155 .712 1.405 
  Research 
Capabilities of Local 
Contractors 
-.461 .156 -.219 -2.954 .005 .346 2.894 
  Construction 
Demand -.408 .242 -.184 -1.690 .097 .161 6.221 
  Construction 
Demand Fluctuation .039 .075 .025 .520 .605 .843 1.186 
  Turnover of Local 
Contractors 1.026 .295 .535 3.478 .001 1.081 9.834 
2 (Constant) 1.173 7.547  .155 .877   
  
Local Export of 
Construction 
Services 
1.082 .122 .780 8.884 .000 .244 4.096 
  Market Share of Foreign Contractors -.629 .125 -.580 -5.037 .000 .142 7.047 



















.826 .114 .403 7.271 .000 .613 1.632 
  Construction Labour Productivity -2.324 1.574 -.076 -1.477 .045 .713 1.402 
  
Research 
Capabilities of Local 
Contractors 
-.453 .154 -.216 -2.937 .005 .349 2.868 
  Construction Demand -.429 .237 -.194 -1.414 .042 .165 6.047 
  Turnover of Local Contractors 1.023 .293 .534 3.491 .001 1.231 9.413 




J2.2.3 Small, Medium High-Income Countries’ Backward Excluded Variables 
 
   Beta In t Sig. 
Partial 
Correlation Collinearity Statistics 






.025(a) .520 .605 .070 .843 1.186 .081
a  Predictors in the Model: (Constant), Turnover of Local Contractors, Research Capabilities of Local Contractors, 
Construction Labour Productivity, Technological Cooperation between Local Contractors and National 
Institutions, National Technological Cooperation, Local Export of Construction Services, National Institutions’ 
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J3. Small, Upper High-Income Countries 
 
J3.1 Small, Upper High-Income Countries’ Stepwise Regression 
 
J3.1.1 Small, Upper High-Income Countries’ Stepwise Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .927(a) .860 .855 .290270 
2 .957(b) .916 .911 .227970 
a  Predictors: (Constant), Research Capabilities of Local Contractors 




J3.1.2 Small, Upper High-Income Countries’ Stepwise Coefficients 
 




Coefficients t Sig. 
Collinearity 
Statistics 
 Model   B Std. Error Beta     Tolerance VIF 
1 (Constant) -.918 .240  -3.832 .001    




.730 .053 .927 13.773 .000 1.000 1.000
2 (Constant) -1.132 .194  -5.834 .000    




.548 .058 .695 9.425 .000 .513 1.948





.312 .069 .332 4.501 .000 .513 1.948
a  Dependent Variable: Local Contractors’ Investment in Innovation 
 
 




Beta In t Sig. 
Partial 
Correlation Collinearity Statistics 
 Model 
  





1 Local Export of 
Construction 
Services 
.257(a) 3.009 .005 .481 .494 2.023 .494 
  
Market Share of 
Foreign Contractors .205(a) 2.468 .019 .411 .563 1.776 .563 
  National 
Technological 
Cooperation 
.036(a) .505 .617 .092 .929 1.077 .929 
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.332(a) 4.501 .000 .635 .513 1.948 .513 






-.153(a) -1.333 .192 -.237 .336 2.977 .336 
  Construction 
Labour 
Productivity 
.147(a) 2.091 .045 .357 .832 1.201 .832 
  Construction 
Demand .196(a) 3.110 .004 .494 .888 1.126 .888 
  Construction 
Demand 
Fluctuation 
-.118(a) -1.812 .080 -.314 .991 1.009 .991 
  
Turnover of Local 
Contractors .060(a) .868 .392 .157 .952 1.051 .952 
2 Local Export of 
Construction 
Services 
.000(b) .000 1.000 .000 .210 4.761 .210 
  
Market Share of 
Foreign Contractors .033(b) .379 .708 .070 .375 2.665 .342 
  National 
Technological 
Cooperation 
-.060(b) -1.028 .312 -.188 .810 1.235 .448 






-.072(b) -.773 .446 -.142 .322 3.106 .216 
  Construction 
Labour 
Productivity 
.066(b) 1.081 .289 .197 .738 1.355 .381 
  Construction 
Demand .087(b) 1.327 .195 .239 .638 1.567 .369 
  Construction 
Demand 
Fluctuation 
-.075(b) -1.415 .168 -.254 .955 1.047 .492 
  
Turnover of Local 
Contractors -.130(b) -2.033 .051 -.353 .617 1.620 .333 
a  Predictors in the Model: (Constant), Research Capabilities of Local Contractors 
b  Predictors in the Model: (Constant), Research Capabilities of Local Contractors, National Institutions’ 
Investment in Construction Innovation 
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J3.2 Small, Upper High-Income Countries’ Backward Regression 
 
J3.2.1 Small, Upper Countries’ Backward Model Summary 
 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .977(a) .955 .934 .195856 
2 .977(b) .955 .937 .191551 
3 .977© .955 .939 .187540 
4 .977(d) .954 .941 .185717 
5 .975(e) .951 .940 .186537 
6 .973(f) .946 .936 .192932 
a  Predictors: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, Construction 
Demand, Market Share of Foreign Contractors, Construction Labour Productivity, Technological Cooperation 
between Local Contractors and National Institutions, National Technological Cooperation, National Institutions’ 
Investment in Construction Innovation, Research Capabilities of Local Contractors, Local Export of Construction 
Services 
b  Predictors: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, Construction 
Demand, Market Share of Foreign Contractors, Construction Labour Productivity, Technological Cooperation 
between Local Contractors and National Institutions, National Technological Cooperation, National Institutions’ 
Investment in Construction Innovation, Research Capabilities of Local Contractors 
c  Predictors: (Constant), Turnover of Local Contractors, Construction Demand, Market Share of Foreign 
Contractors, Construction Labour Productivity, Technological Cooperation between Local Contractors and 
National Institutions, National Technological Cooperation, National Institutions’ Investment in Construction 
Innovation, Research Capabilities of Local Contractors 
d  Predictors: (Constant), Construction Demand, Market Share of Foreign Contractors, Construction Labour 
Productivity, Technological Cooperation between Local Contractors and National Institutions, National 
Technological Cooperation, National Institutions’ Investment in Construction Innovation, Research Capabilities of 
Local Contractors 
e  Predictors: (Constant), Construction Demand, Construction Labour Productivity, Technological Cooperation 
between Local Contractors and National Institutions, National Technological Cooperation, National Institutions’ 
Investment in Construction Innovation, Research Capabilities of Local Contractors 
f  Predictors: (Constant), Construction Demand, Construction Labour Productivity, National Technological 




J3.2.2 Small, Upper High-Income Countries’ Backward Coefficients 
 
Model 




Coefficients t Sig. 
Collinearity 
Statistics 
    B 
Std. 
Error Beta     Tolerance VIF 
1 (Constant) -6.258 4.598  -1.361 .187    




.000 .088 -.001 -.003 .997 .048 20.895
  Market Share 
of Foreign 
Contractors 
.036 .059 .100 .613 .546 .078 12.854
  National 
Technologica
l Cooperation 
-1.438 .473 -.241 -3.042 .006 .329 3.037





.167 .132 .177 1.257 .222 .104 9.656








-.168 .166 -.095 -1.013 .322 .233 4.287
  Construction 
Labour 
Productivity 
.949 .642 .087 1.477 .154 .591 1.693




.642 .121 .815 5.295 .000 .087 11.479
  Construction 
Demand .627 .223 .274 2.811 .010 .217 4.614
  Construction 
Demand 
Fluctuation 
-.003 .039 -.004 -.073 .943 .657 1.522
  Turnover of 
Local 
Contractors 
-.199 .311 -.043 -.639 .530 .449 2.227
2 (Constant) -6.257 4.488  -1.394 .177    
  Market Share 
of Foreign 
Contractors 
.036 .038 .099 .934 .360 .174 5.737
  National 
Technologica
l Cooperation 
-1.438 .462 -.241 -3.115 .005 .330 3.030













-.168 .160 -.095 -1.052 .304 .241 4.152
  Construction 
Labour 
Productivity 
.949 .626 .087 1.516 .143 .594 1.682




.642 .115 .815 5.575 .000 .092 10.822
  Construction 
Demand .627 .218 .274 2.882 .008 .218 4.592
  Construction 
Demand 
Fluctuation 
-.003 .038 -.004 -.074 .941 .660 1.515
  Turnover of 
Local 
Contractors 
-.199 .295 -.043 -.676 .506 .479 2.086
3 (Constant) -6.247 4.392  -1.422 .168    
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  Market Share 
of Foreign 
Contractors 
.037 .033 .103 1.138 .266 .230 4.354
  National 
Technologica
l Cooperation 
-1.445 .444 -.242 -3.255 .003 .342 2.921













-.165 .152 -.094 -1.087 .288 .255 3.924
  Construction 
Labour 
Productivity 
.949 .613 .087 1.549 .135 .595 1.682




.638 .105 .811 6.076 .000 .106 9.415
  Construction 
Demand .633 .199 .277 3.180 .004 .250 4.006
  Turnover of 
Local 
Contractors 
-.203 .283 -.044 -.718 .479 .498 2.007
4 (Constant) -8.630 2.851  -3.027 .006    
  Market Share 
of Foreign 
Contractors 
.036 .032 .100 1.109 .278 .230 4.340
  National 
Technologica
l Cooperation 
-1.569 .405 -.263 -3.879 .001 .404 2.474













-.182 .149 -.103 -1.226 .231 .261 3.828
  Construction 
Labour 
Productivity 
.988 .605 .091 1.633 .115 .599 1.669




.677 .089 .860 7.568 .000 .144 6.958
  Construction 
Demand .683 .185 .299 3.698 .001 .284 3.517
5 (Constant) -8.972 2.847  -3.152 .004    
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  National 
Technologica
l Cooperation 
-1.536 .405 -.257 -3.791 .001 .406 2.461













-.238 .140 -.135 -1.698 .101 .295 3.385
  Construction 
Labour 
Productivity 
1.151 .589 .106 1.954 .062 .637 1.570




.723 .080 .918 9.069 .000 .183 5.476
  Construction 
Demand .590 .165 .258 3.569 .001 .358 2.793
6 (Constant) -9.141 2.942  -3.106 .004    
  National 
Technologica
l Cooperation 
-1.381 .408 -.231 -3.382 .002 .428 2.335





.217 .071 .232 3.060 .005 .349 2.863
  Construction 
Labour 
Productivity 
1.248 .606 .115 2.058 .049 .643 1.555




.627 .058 .797 10.748 .000 .364 2.744
  Construction 
Demand .532 .167 .233 3.180 .004 .374 2.674
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Beta In t Sig. 
Partial 
Correlation Collinearity Statistics 
 Model 
  
        Tolerance VIF 
Minimum 
Tolerance 
2 Local Export of 
Construction 
Services 
-.001(a) -.003 .997 -.001 .048 20.895 .048
3 Local Export of 
Construction 
Services 
.000(b) .002 .999 .000 .048 20.797 .048
  Construction 
Demand 
Fluctuation 
-.004(b) -.074 .941 -.016 .660 1.515 .092
4 Local Export of 
Construction 
Services 
-.033© -.172 .865 -.035 .051 19.564 .051
  Construction 
Demand 
Fluctuation 
-.011© -.212 .834 -.043 .686 1.457 .130
  
Turnover of Local 
Contractors -.044© -.718 .479 -.145 .498 2.007 .106
5 Local Export of 
Construction 
Services 
.090(d) .760 .454 .150 .136 7.339 .121
  Construction 
Demand 
Fluctuation 
-.033(d) -.709 .485 -.140 .888 1.126 .182
  
Turnover of Local 
Contractors -.040(d) -.650 .521 -.129 .500 2.001 .130
  Market Share of 
Foreign 
Contractors 
.100(d) 1.109 .278 .217 .230 4.340 .144
6 Local Export of 
Construction 
Services 
.144(e) 1.278 .213 .243 .155 6.459 .125
  Construction 
Demand 
Fluctuation 
-.031(e) -.648 .523 -.126 .889 1.125 .348
  
Turnover of Local 
Contractors -.054(e) -.864 .395 -.167 .511 1.958 .212
  Market Share of 
Foreign 
Contractors 
.137(e) 1.608 .120 .301 .261 3.838 .188






-.135(e) -1.698 .101 -.316 .295 3.385 .183
a  Predictors in the Model: (Constant), Turnover of Local Contractors, Construction Demand Fluctuation, 
Construction Demand, Market Share of Foreign Contractors, Construction Labour Productivity, Technological 
Cooperation between Local Contractors and National Institutions, National Technological Cooperation, National 
Institutions’ Investment in Construction Innovation, Research Capabilities of Local Contractors 
b  Predictors in the Model: (Constant), Turnover of Local Contractors, Construction Demand, Market Share of 
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Foreign Contractors, Construction Labour Productivity, Technological Cooperation between Local Contractors 
and National Institutions, National Technological Cooperation, National Institutions’ Investment in Construction 
Innovation, Research Capabilities of Local Contractors 
c  Predictors in the Model: (Constant), Construction Demand, Market Share of Foreign Contractors, Construction 
Labour Productivity, Technological Cooperation between Local Contractors and National Institutions, National 
Technological Cooperation, National Institutions’ Investment in Construction Innovation, Research Capabilities of 
Local Contractors 
d  Predictors in the Model: (Constant), Construction Demand, Construction Labour Productivity, Technological 
Cooperation between Local Contractors and National Institutions, National Technological Cooperation, National 
Institutions’ Investment in Construction Innovation, Research Capabilities of Local Contractors 
e  Predictors in the Model: (Constant), Construction Demand, Construction Labour Productivity, National 
Technological Cooperation, National Institutions’ Investment in Construction Innovation, Research Capabilities of 
Local Contractors 
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Figure K3. Predicted LCI against Residue for Small, Upper High-Income Countries 
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APPENDIX (L) GRAPHICAL ANALYSIS OF RELATIONSHIP BETWEEN 









































































Figure L2. Analysis of relationship between Construction demand and National 















































Figure L3. Analysis of relationship between Construction demand and Technological 



























Figure L4. Analysis of relationship between Construction demand and Construction 
labour productivity 
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Figure L5. Analysis of relationship between Technological cooperation between national 
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Figure L6. Analysis of relationship between Local export of construction services and 
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Figure L7. Analysis of relationship between Market share of foreign contractors and 
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Figure L8. Analysis of relationship between National institutions’ investment in 
innovation and Construction labour productivity  
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Figure L9. Analysis of relationship between Local export of construction services and 
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Figure L10. Analysis of relationship between Market share of foreign contractors and 
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Figure L11. Analysis of relationship between National technological cooperation and 
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Figure L12. Analysis of relationship between National institutions’ investment in 
construction innovation and Turnover of local contractors  
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Figure L13. Analysis of relationship between Construction labour productivity and 
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Figure L15. Analysis of relationship between Market share of foreign contractors and 
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Figure L16. Analysis of relationship between National institutions’ investment in 
innovation and Turnover of local contractors 
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Figure L17. Analysis of relationship between Market share of foreign contractors and 
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Figure L18. Analysis of relationship between Research capabilities of local contactors 
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Figure L19. Analysis of relationship between Research capabilities of local contactors 
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Figure L20. Analysis of relationship between Research capabilities of local contactors 
and National institution’s investment in construction innovation  
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Figure L21. Analysis of relationship between Technological cooperation between national 
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Figure L22. Analysis of relationship between Research capabilities of local contactors 
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Figure L23. Analysis of relationship between Research capabilities of local contactors 
and Construction demand 
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APPENDIX (M) STIMULATING CONSTRUCTION INNOVATION IN 
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This paper examines the national approach to the stimulation of innovation in 
construction. Based on a qualitative systems thinking approach, a model of the National 
System of Innovation (NSI) is structured with five main NSI actors: Local Contactors; 
Suppliers; National Research Institutions; Government; and Foreign Contractors.  This model, 
established by the assumption that local contractors’ key motivation for innovation is based 
on profit maximization, highlights two main driving forces of construction innovation within 
the NSI: profit incentives; and the social desirability of higher construction productivity and 
quality. The research findings indicate that high profit levels provide a higher number of 
growth momentums compared to the social desirability of innovation. Additionally, while 
social desirability of construction innovation is associated with a number of obstacles, high 
profit levels do not impose any significant hindrances. Based on the research findings, it is 
concluded that innovation policies should be focused on sustaining higher profit levels of 
contractors. The social desirability of innovation can be more efficiently utilized by regular 
reviews of national policies as the industry develops. 
 
Keywords: Construction Innovation, National System of Innovation, Systems Thinking 
 
Introduction 
The past decade has been characterized by an unprecedented rate of economic growth 
and a race among economic and political entities in search of a competitive edge. Amidst this 
fast paced environment, innovation has become one of the principal competitive tools which 
firms can use to achieve greater market penetration and increasing profitability in the 
construction industry (National Research Council of Canada, 2001). However, despite the 
importance of innovation tagged on business competitiveness, governments in most countries 
still face the challenge of stimulating contractors to adopt a higher level of construction 
innovation.  
For instance, in some countries such as Australia, Canada, Japan and the United States, 
there is an increasing trend of the replacement of prescriptive building regulations with 
performance-based versions. It is hoped this will spark higher levels of innovation through 
greater autonomy in firms. However, these countries still face lower than expected rates of 
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construction innovation (CIB TG 37, 2000). In addition, institutionalised Research and 
Development (R&D) is identified as a major source of technological innovation (National 
Research Council of Canada, 1986; Sidwell et al., 1988). This has led to an increase in 
institutionalised investment for construction R&D in countries such as Singapore, where a 
construction R&D budget of $20 million adopted in 1999-2000 resulted in a low level of 
innovative activities by local contractors. Such failures in stimulating greater levels of 
construction innovation may be due to the lack of sensitivity towards firms’ fundamental rule 
of profit creation and the underestimation of the additional efforts and investments required in 
innovation that compromise the immediate benefits of the normal production process. 
Nonetheless, there are consequences for the failure to innovate. The central importance 
of technological innovation in economic growth has always been recognized. Adam Smith, in 
the Wealth of Nations, discussed ‘improvements in machinery’; Karl Marx’s model of the 
capitalist economy ascribed a central role to technological innovation in capital goods; and 
Alfred Marshall described knowledge as the chief engine of progress in the economy. Baumol 
(2002) observed that innovation is vital for the future economic performance of all nations, 
noting that (p. 133-34): ‘Per capita GDP has increased almost nine-fold in the United States 
since 1870…  nearly ninety percent of current U.S. GDP was contributed by innovation 
carried out since 1870… such as the steam engine and the railroad…’. Other growth 
economists observed that innovation itself could change the whole curve of growth as 
technological innovation leads to productivity gains, a primary basis for growth. 
In Singapore, a low level of construction R&D corresponds with negative construction 
productivity growth every year since 1995 (Construction 21 Committee, 1999). As shown in 
Table 1, the decline of construction productivity has weakened value added in construction. In 
this study, construction productivity is taken to be one year lagged behind construction GDP 
to give time for the effects of lower productivity to be perceived by clients, contractors and 
other relevant actors but the time should not be too extensive to distort the effects of lower 
productivity on value added. Figure 1 shows that negative productivity has led to the 
declining contribution of construction GDP to the total national GDP. With construction 
producing between 6 and 10 percent of GDP in most advanced economies, this would reduce 
the overall national GDP by a significant magnitude. With such negative impact on national 
growth, social pressure on the industry to improve its productivity and quality would rise. 
Such pressure has already been felt in Singapore by the government’s implementation of the 
Construction Quality Assessment Scheme (CONQUAS) that is used to measure, objectively, 
the level of quality attained on each public project. The Buildable Design Assessment System 
(BDAS) is also applied to measure the productivity-enhancing potential of the design of a 
building. To be granted building plan approval, the design of every building must attain a 
stated minimum BDAS score. Therefore, innovation is required because there are pressures to 
improve quality, reduce costs and speed up construction processes (Gann, 2000). 
 
Table 1. Descriptive statistics of labour productivity and construction GDP 







to National GDP 
 Percentage Change S$Mil S$Mil Percentage Change 
1994 -5.3 7653 110109 1.4 
1995 4.6 8385 118963 12.1 
1996 -3.8 10323 128679 6.9 
1997 -4.8 12032 139696 3.1 
1998 -5.7 12325 138637 -17.4 
1999 -4.7 11217 148108 -10.5 
2000 -2.5 11133 162379 -0.6 
2001 -0.6 10846 159212 -17.4 
2002 -1.0 9530 164255 -12.0 
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2003 -0.5 8628 166492 -15.9 
 
All prices are as at 1995, Singapore Dollars 
Source: Compilation from Yearbook of Statistics, Singapore  




Figure 1. Impact of Productivity Decline on Contribution of  




















Construction Productivity lagged by 1 year
Contribution of Construction GDP to Total GDP
 
Many researchers and practitioners (such as Manseau, 1998; Milford, 2000; National 
Research Council of Canada, 2001) observed that for construction innovation to be viable, a 
broad and systemic perspective should be adopted in order to understand and enhance 
innovation in the construction industry. Hence, the time is right for a national approach 
towards stimulating innovation in construction as practitioners have been neglecting the 
declining efficiency of the industry due to their excessive concern with profit creation. There 
is thus, a need to observe the consequences of such factors on the wider economy and the 
related effects that would materialize in businesses. In this paper, it is proposed that the 
involvement of the construction industry in effective innovation can be best understood and 
stimulated by taking a systems view of construction within the national economy.  
The objectives of this paper are to: (1) model the role and potential of Singapore’s 
National System of Innovation as an effective tool in structuring and supporting the level of 
innovation of local contractors in Singapore; and (2) recommend policy guidelines that can 
help attain higher levels of innovation in Singapore’s construction industry based on the 
analysis of the interactions between the key drivers of construction innovation and the actors 
and variables of the NSI. Qualitative systems thinking is utilized to model and analyse the 
dynamic model of Singapore’s NSI. 
After this introduction, the literature is briefly reviewed. This is followed by a 
description of the research method and an explanation of the technique of systems thinking. 
The next section presents the statistical analysis. Finally, some conclusions and 
recommendations are presented.  
 
Construction Innovation 
Various authors have provided a variety of definitions for construction innovation. 
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Pedersen (1996, p.884) defined construction innovation as ‘the first use of a technology 
within a construction firm either in the process or in the product’. While undertaking research 
on technological improvements in constructed products, Toole (1998, p.323) termed “process 
innovation in construction” as the ‘Application of technology that is new to an organization 
and that significantly improves the design and construction of a living space by decreasing 
installed cost, increasing installed performance and/or improving the business process’. The 
Construction Research and Innovation Strategy Panel (CRISP) (1997, p.5) defined 
construction innovation as ‘The successful exploitation of new ideas, where ideas are new to a 
particular enterprise, and are more than technology related – new ideas can relate to process, 
market or management’. These definitions differ in terms of the level of importance they 
ascribe to technology in innovation.  
There appears to exist two distinct forms of innovation. Pedersen and Toole considered 
construction innovation as inevitably involving the application of technology while CRISP 
deemed it to be ‘more than technology related’ (p.5). However, Seaden et al. (2001) 
suggested that an innovative firm is generally innovative in technology and in business at the 
same time as innovativeness may be a culture that permeates all the activities of the firm. 
Authors (such as Manseau and Sedean, 2001; OECD, 1997) hence agree that it is not the 
degree of technological improvement but the exploitation of an idea, new to a particular 
enterprise or its processes that must take place for innovation to be deemed to have occurred. 
Therefore, this study defines innovation from the viewpoint of a construction firm as the 
purposeful search for new knowledge and the application of this knowledge in production. 
 
The National System of Innovation in the Construction Industry 
According to Edquist (1997), who provided a useful review, the concept of NSI was first 
proposed by Freeman (1987) and further developed by numerous authors (such as Lundvall, 
1992; Nelson, 1993; Archibugi and Michie, 1997; and Stern et al., 2000). Freeman (1987) 
defined the NSI as the network of actors in the public and private sectors whose activities and 
interactions initiate, modify, and diffuse innovations and implement them in new products, 
production processes, and organizational forms. There is no agreement on what the key 
structural elements in an NSI are, and how these elements interact to determine the overall 
pace and performance of innovative activities in a country, as countries are of diverse sizes, 
stages of economic development and historical experiences (Nelson, 1993). However from 
the various models of the NSI proposed by the OECD (1997), Porter and Stern (2001), and 
Stern et al. (2000), three critical elements can be highlighted:  
(1) Firms and the dynamic factors that shape innovation within the firms – such as 
networks of collaboration with related and supporting industries, rivalry and firms’ 
structure;  
(2) Common innovation infrastructure – issues of transfer and absorption of technology, 
knowledge and skills; and 
(3) Governmental Factors – which set the range of opportunities for innovation.  
The NSI presents a holistic view of the interrelations among establishments that jointly 
and individually contribute to the development and diffusion of new technologies. This 
system of interlinked institutions creates and transfers the knowledge, skills and artefacts that 
define new technologies. It provides the basic framework within which governments form and 
implement polices to influence the innovation process.  
Laredo and Mustar (2001) observed that analysts have proposed two versions of the NSI. 
First, the 'narrow' NSI focuses on organizations and institutions involved directly in the 
processes of scientific and technological exploration. Second, the 'broad' NSI includes all 
economic, political, and other social institutions that affect learning, searching and exploring 
activities. Nelson (1993) stressed the importance of the second approach, bearing in mind that 
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specialists in innovation tend to ‘play down the existence of active coherent industrial 
policies’ (p. 515) and of a ‘well-structured and through general policy’ (p. 515). Hence, the 
main actors of the NSI in relation to the construction industry were identified as: 
(1) Firms and the dynamic factors that shape innovations in firms - Construction Clients, 
Local Contractors, Foreign Contractors, and Suppliers 
(2) Common innovation infrastructure – National Research Institutions including Higher 
Educational Institutions 
(3) Governmental Factors – Government. 
In this study’s NSI model, the actors are placed within the national system of 
interconnecting relationships, which are further linked by NSI variables. Together under the 
key drivers of construction innovation within the NSI, the actors and variables structure the 
level of construction innovation undertaken by local contractors.  
To provide empirical support for this study, secondary data are collected from national 
statistics. These data are based on the statistical methodologies adopted by the OECD in the 
Frascati Manual. Therefore, the actors considered in this study are chosen based on the 
statistical definitions in the manual. For instance, for the common innovation infrastructure, 
only research data for non-profit institutions and higher educational institutions are provided. 
Similarly, only these institutions are considered under this study’s common innovation 
infrastructure.   
There are two basic families of science and technology (S&T) indicators that are directly 
relevant to the measurement of innovation. First, the resources devoted to R&D and second, 
patent statistics (OECD, 1997). The former relates to innovation input while the latter 
concerns innovation output. However, patents are a measure of only formal innovations 
whereas a significant amount of informal innovations occur in the construction industry.  
R&D expenditure involves the acquisition and generation of relevant knowledge that is 
new to the firm. It comprises creative work undertaken on a systematic basis in order to 
increase the stock of new knowledge, and the use of this stock of knowledge to devise new 
applications (OECD, 1997). This proxy however has the limitation that R&D is only an input 
and although it is related to technical change, it does not measure it. Furthermore, R&D 
expenditures alone cannot be the appropriate measure for contractors' level of innovation. 
Nonetheless, the alternative would be to conduct surveys on contractors but this would also 
provide only a partial representation of the actual situation. A survey of contractors would be 
inappropriate in this study as the study considers the macro-level of a nation. Data obtained 
from such a survey would be insufficient for comparison and regression against other NSI 
variables such as construction GDP and annual foreign direct investment in construction. 
Thus, this study utilizes the total R&D expenditure of construction firms, as a proxy for the 
level of innovation in construction. Annual R&D expenditure of local contractors is obtained 
from the National Survey of R&D in Singapore, which is based on the guidelines in the 
OECD’s Frascati Manual (OECD, 1993). This study takes the annual R&D expenditure of 
local contractors under the Area of Research of Civil & Architecture. This Area of Research 
is appropriate as Frascati Manual defines Civil Engineering, under fields of science and 
technology, to include architectural engineering, building science and engineering, 
construction engineering, municipal and structural engineering and other allied subjects 
(OECD, 1993, p.60). 
 
Drivers of Construction Innovation in the National System of Innovation 
In Harper’s (1963) judgment, the root problem of poor growth in any industry or nation 
is the failure to understand the nature of the economic system. This is especially so for the 
repeated failure to capitalize on the power of profit incentives to induce productive efforts, 
investments and innovation. For business investments to increase, there must be an adequate 
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incentive to invest: an expected rate of return that is commensurate with the risks of the 
business enterprise. However, in the developing countries of Asia, such as India, China and 
Thailand, labour is sufficiently cheap to allow profit driven firms to disregard the need for 
technological advancement. Hence, for private construction firms, undertaking an innovation 
implies the willingness to act with the hope that this ‘off-the-regular-business effort’ will, 
despite the associated risks and uncertainties, yield benefits that will meet the expected pay 
offs (Klein and Sorra, 1996). Nonetheless, business rationalism and the risk averse nature of 
firms involved in one-off construction projects surpass private firms’ drive for advancements. 
In addition, in construction, clients’ tendency to award projects based on the lowest cost 
results in profit margins in the construction sector that are often so low that they provide 
inadequate incentives for firms to innovate. Therefore, to induce contractors to innovate, a 
profit incentive is one of the key motivators. Thus, this trade-off between the implementation 
hurdles and expected benefits is one of the main challenges of national policies in inducing 
greater levels of innovation in the construction industry. 
This challenge is further intensified by the phenomenon that R&D investments in 
innovation tend to create improvements in well-being that are much larger than the private 
returns that are captured by the organization undertaking it (Seaden, 1996). A survey by 
Griliches (1991) indicated that between one-third and two-thirds of the economic benefits of 
R&D are not captured by the organization that performs it. Mansfield (1977) found that 
innovation in construction materials presents one of the greatest divide, with social returns of 
96 percent and only 9 percent of private returns. Hence, the failure to innovate by contractors 
represents a loss of benefits to society. Over time, society’s loss is translated into social 
pressure on contractors to narrow this gap of inefficient production. 
Therefore, in construction, the difference between society’s demand for higher 
construction productivity and quality and the actual productivity and quality provided by 
contractors, presents the pressure firstly, on the construction firms to innovate and secondly 
on the governments to introduce changes in their policies and regulations toward stimulating 
innovation in construction. Hence, the profit motivation of private firms and the social 
pressure to innovate are recognized in this study as the key drivers of innovation in the NSI. 
They constitute the main force that impels the NSI actors and variables towards a higher level 
of innovation by contractors within the NSI. 
 
Methodology 
A set of secondary statistical data for Singapore was collected from various national 
publications such as the Yearbook of Statistics, Economic Survey and National Survey of 
R&D in Singapore. By applying Pearson’s Correlation and non-linear regression to the data 
for 1981-2002, a logical deduction of the relationship and significance of each NSI 
determinant with regard to construction innovation was obtained. This aided the formulation 
of the NSI model. Statistical Package for the Social Sciences (SPSS) was used as the analysis 
software for non-linear regression while Vensim was used in the development of the systems 
thinking model of the NSI.  
 
Principles of Systems Thinking 
System thinking helps individuals to see patterns and helps create the ability to reinforce 
or change these patterns (Senge and Fulmer, 1993). By constructing a formal model, the 
mental image of the system and its structure are exposed. Hence, systems thinking is a 
method of dealing with questions about the dynamic tendencies of complex systems, which 
are the behavioural patterns they generate over time. Therefore, systems modelling is able to 
effectively structure the complex interaction between the various NSI actors and their 
relationships with NSI variables through the utilization of causal loop diagrams.  
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Figure 2 presents the typical denotations used in causal loop diagramming. At the 
foundation of the systems approach are positive and negative feedbacks. Positive feedback is 
represented by a reinforcing loop that is structured by none or an even number of negative 
links while negative feedback is represented by a balancing loop that is structured by an odd 
number of negative links. Positive feedback creates reinforcing behaviour and negative 
feedback moderates a system towards an equilibrium position. Sterman (2000) suggests that 
the identification of positive and negative feedback structures in economic and management 
systems is key to modelling and gaining insights into the developments of innovations. 
Figure 2. Link polarity: definitions  
Symbol Interpretation 
 All else equal, if X increases (decreases), then Y increases 
(decreases) above (below) what it would have been. 
In the case of accumulations, X adds to Y. 
 
All else equal, if X increases (decreases), then Y decreases 
(increases) below (above) what it would have been. 
In the case of accumulations, X subtracts from Y. 
Source: Business Dynamics: Systems Thinking and Modeling for a Complex World 
(Sterman, 2000) Reprinted with permission of the McGraw-Hill Companies 
 
Data Analysis 
In the model, key NSI variables are highlighted and analysed in relation to the dependent 
variable of local contractors’ level of innovation through assigning suitable proxies. Data on 
the key NSI variables are presented in Table 2. The measurement frameworks of these 
variables is presented in Table 3. The other NSI variables that link these key NSI factors are 
not analysed quantitatively as they are qualitative, intangible factors for which satisfactory 
proxies could not be found. The descriptive data in Table 2 are first, subjected to Pearson 
correlation and second, to non-linear regression analyses. The results of these analyses are 
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Table 2. Descriptive Data 






Value of Foreign 
Investment in 
Construction 














Units S$Mil S$/ppe* S$Mil S$Mil S$Mil S$Mil FTE# S$Mil 
1981 0.05 26712 2163 211.6 5.0 0.0200 1 2757 
1982 0.05 27883 3146 205.1 5.0 0.0200 5 3652 
1983 0.05 31016 4202 54.2 10.0 0.0200 5 5141 
1984 0.05 34083 4943 153.2 15.0 0.0200 10 6433 
1985 0.60 36143 4167 246.2 20.0 0.0400 10 6829 
1986 0.60 34653 3149 314.9 30.0 0.0400 22 6459 
1987 0.60 34933 2885 199.6 40.0 0.0400 22 5563 
1988 0.60 35501 2811 361.2 50.0 0.0400 22 5284 
1989 0.60 35536 3106 716.6 60.0 0.0400 22 6436 
1990 0.70 35968 3614 614.7 70.0 0.1831 34 7116 
1991 0.55 36928 4697 749.8 72.0 0.0530 24 12864 
1992 1.30 42107 6048 612.2 130.2 0.0200 64 9285 
1993 2.60 39988 6771 497.0 187.0 0.0619 59 11394 
1994 0.50 41916 7975 611.5 236.0 0.1683 61 13510 
1995 0.60 40323 8365 979.3 411.0 0.3118 50 16713 
1996 1.20 38388 10629 1017.8 302.0 0.5422 97 21401 
1997 1.40 36200 12657 1190.4 499.0 0.3552 51 26235 
1998 1.40 34498 12835 1430.6 558.0 0.2302 76 25580 
1999 0.50 33636 11125 1416.6 387.0 0.2045 38 23444 
2000 0.70 33434 9853 1963.6 572.0 0.0268 80 25645 
2001 0.90 33100 9280 1676.5 757.9 0.1236 39 26578 
2002 1.30 32934 8375 1858.6 689.3 0.135 80 23799 
All prices are as at 1995             *PPE – Per Person Employed      # FTE – Full Time Equivalent
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Table 3. Variables Measurement Framework 
Connotation Variables / factors Measurement framework 
LCI Local Contractor’s Level of 
Innovation 
Annual R&D Expenditure of Local 
Contractors  
CLP Construction Labour 
Productivity 
Construction Value Add per Person 
Employed  
GDP Construction Demand Construction Industry’s Contribution to 
Gross Domestic Product 
EFC Value of Foreign Investment in 
Construction  
Stock of Foreign Direct Investment in 
Singapore in Construction 
ELC Value of Exports of 
Construction Services 
Stock of Singapore’s Direct Investment 
Abroad for Construction 
NJV National Research Institutions’ 
Joint Venture with 
Construction Companies 
Annual Financial Statement of Building 
and Construction Authority’s Interest in 
Joint Venture 
RDC R&D Capability of Local 
Contractors  
FTE# value of R&D Personnel in 
Construction  
CBL Availability of Funds for 
Construction Innovation 
Bank Loans and Advances to Local 
Contractors 
# FTE: Full Time Equivalent – Methodology based on Frascati Manual (OECD, 2002)  
From Table 2, it can be observed that while Singapore’s construction industry is highly 
dependent on FDI, the volume of Singapore contractors’ export of construction services is 
less than one-third of FDI. This shows the importance of foreign contractors as investing 
entities in contributing to technology transfer in the host country. Conversely, the relatively 
low level of export of construction services by Singapore contractors suggests that these firms 
are mostly acting as intelligent imitators to improve their performance rather than following 
the first innovator strategy which involves high learning costs. However, this strategy of 
imitation does not place nations at the cutting edge of technology and therefore does not 
guarantee that the economy will continue to grow at pace similar to what was first recorded 
when the imitation of technology took place.  
In Singapore the level of joint ventures between contractors and national institutions is 
also low. This shows that although the construction sector still looks to the Government to 
provide directions and leadership in innovation (Ofori and Chan, 2001; Dulaimi et at., 2003), 
there has not been much effort from either side to utilize the collaborative mechanism to 
reinforce the role of either party in innovation. Similarly, the research capability of 
contractors as measured by the full-time equivalent of R&D personnel is very low. This is 
likely due to the absence of formal R&D departments in construction firms.    
The data were subjected to Pearson Correlation analysis (Table 4) to first, observe and 
validate the relationships within the NSI variables themselves and between the key NSI 
variables and contractors’ level of innovation. Second, the Pearson Correlation Matrix 
prepares the data for non-regression analysis through the identification and removal of 
variables that show multicollinearity. Availability of Funds for Construction Innovation was 
observed to be highly correlated with Construction Demand and the Value of Exports of 
Construction Services. They have high correlation values of 0.946 and 0.949 respectively. In 
addition, Value of Foreign Investment in Construction has a high correlation value of 0.902 
with Value of Exports of Construction Services. Hence, the NSI variable of Availability of 
Funds for Construction Innovation and Value of Foreign Investment in Construction were 
removed to satisfy the multicollinearity assumption, to provide a satisfactory regression. 
However, this does not imply that these variables do not significantly contribute to Singapore 
contractors’ level of innovation.  
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Value of Foreign 
Investment in 
Construction 






















-.538 1.000 -.736 -.672 -.734 -.602 -.591 -.773 
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The remaining NSI variables are subjected to non-linear regression to highlight the key 
NSI variables that significantly contribute to contractors’ level of innovation. This would 
identify the crucial feedbacks within the NSI model. The findings from the regression 
analysis show that all key NSI variables subjected to non-linear regression are significant 
except for National Research Institutions’ Joint Venture with Construction Companies. This 
may be due to the exceptionally low value of joint ventures between national research 
institutions and construction firms. The final regression result provides a high R squared 
value of 0.809. The regression’s coefficient table (Table 5) provides the model equation for 
this study’s NSI model as: 
LCI = 625.78 (CLP)-0.09 (GDP)-1.271 (ELC)0.373 (RDC)0.733 1.807 
 
Table 5. Non-Linear Regression Analysis Results 
Unstandardized Coefficients Standardized Coefficients t Significance Variables 
 B Standard Error Beta   
(Constant) 6.439 3.929  1.639 .121 
CLP -.09 .019 -.135 -1.522 .150 
GDP -1.271 .488 -.599 -2.607 .019 
ELC .373 .262 .512 1.423 .174 
NJV .098 .179 .090 .549 .591 
RDC .733 .267 .701 2.744 .014 
Dependent Variable: Local Contractor’s Level of Innovation 
Variable removed due to significant correlation: Value of Foreign Investment in Construction, 
Availability of Funds for Construction Innovation. 
R2 value = 0.809 
Standard Error of the Estimate: 0.591704 
  
Model Validation 
Pearson Correlation analysis partially validates the systems model through verifying the 
positive and negative relationships of each independent variable to the dependent variable and 
within the independent variables themselves. Together, the variables provide the basic 
structure of the model, characterizing each of the feedbacks into either reinforcing or 
balancing loops. However, to provide a logical flow of notions that is easy to comprehend, 
further qualitative variables that are not tested are introduced. Nonetheless, the introduction of 
these variables does not distort the statistical relationship of each key independent variable 
with the dependent variable within the model. Thus, the model is, to a degree, conceptual in 
nature, and has not been fully validated.  
 
Logic of the National System of Innovation and Construction Innovation 
As the model in Figure 3 shows, the two drivers of innovation, profit motivation and 
social pressure, shape the centrifugal force that propels innovation in the NSI. In Figure 3, the 
profit level of local contractors depends on the state of construction productivity and quality. 
This, in turn, is driven by the pressure on local contractors to innovate, established by the 
disparity between the social and private desire for higher construction quality and 
productivity. These interlocking loops between R1 and B1 portray the independent forces of 
profit incentives and the social desirability of developing a sustainable NSI that, nevertheless, 
bear an interdependent relationship.  From this, the impacts of this centrifugal force on each 
of the NSI actors are analysed. A summary of their impacts is presented in Table 6. 
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Figure 3. Forces of the NSI in initiating Construction Innovation by Local Contractors 
 
 
Table 6. Dynamic Feedbacks of the NSI on Construction Innovation by Local Contractors 
Drivers of Innovation 
 
Profit Driven Social Desire 
Momentum for Growth in Construction Innovation by Local Contractors 
Local Contractors R3 - 
Suppliers R4 - 
Institutions R5 - 
FDI R7 - 
Anticipated Barriers to Growth in Construction Innovation on Local Contractors 
Local Contractors B2 B6 - 
Suppliers - B4 
Institutions - B5 
FDI B3 - 
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Firms 
The OECD (1997) observed that it is the firm that is at the centre of an enabling network 
of suppliers, competitors, clients, as well as educational, communication, financial and 
legislative infrastructures. Hence, the firm is the dynamo that fuels innovations in 
construction. However, in most countries, the rate of construction innovation has been found 
to be slow (Veshosky, 1998). The NSI model notes two reasons that impede innovation in 
Singapore construction firms. First, local contractors do not place high importance on the 
success of innovation. This may be because, owing to the typically low profit margins in 
construction, the firms fear that a loss on an innovation may have a critical impact on their 
survival. The focus on the need to succeed in innovation hence leads to the perception of high 
risks that will lower the local contractors’ level of innovation (Figure 4, B2). 
Second, the conventional practice in Singapore of awarding construction projects based 
on the lowest cost places price-based competition at the top of contractors’ lists of business 
strategies. Hence, investments in R&D and innovation have been regarded as cost burdens 
with high risks of failure and inadequate returns (Figure 4, B3). Thus, contractors in 
Singapore still adopt conventional cost-based competitive strategies that they are accustomed 
to, and the nation relies on foreign contractors for technological advancements. However, the 
model demonstrates that there is a need for a simultaneous consideration of clients’ demand 
for quality while bearing in mind that the profit incentives for Singapore contractors have a 
continuous momentum for growth in innovation (interlocking feedbacks of Figure 4, R3, 
Figure 3, R1). Nevertheless, the regression results show that the higher the construction 
demand, the lower the level of innovation. This contradictory relationship may be due to the 
measurement of the quantity of demand rather than quality. Hence, higher quantity of demand 
may not stimulate innovation in construction. Rather, it is the demand for higher productivity 
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Figure 4. Feedbacks involving Construction Firms 
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Suppliers  
Leibing (2001) described construction as “an amalgamation of thousands of diverse parts 
combined and blended together into a new entity, which is intended to provide a shelter or a 
function far different from individual parts’ (p.10). With their high dependence on other 
sectors, construction firms are largely technology followers (Hertog and Brouwer, 2001). 
Therefore, numerous authors (such as Bernstein and Lewer, 1996; Kangari and Miyatake, 
1997; and Langford and Dimitrijevic, 2002) see the formation of cross-industry strategic 
alliances as a powerful combination with which to promote and sustain construction 
innovation. Brod and Shivakumar (1997) observed that the benefits of cooperative R&D 
include: alleviating the under provision of R&D efforts that result from technological 
spillovers; avoiding duplication of efforts; sharing of risks; and exploitation of synergies. An 
example of a strategic alliance was formed between Shimizu Corporation and Mitsubishi 
Heavy Industries to develop the world’s first automated intelligent system for high-rise 
building construction, the SMART system. Also, Honda’s humanoid platform (P3) that is to 
be utilized as generic robotic construction operatives was developed in a collaborative 
research project.  
The NSI model shows that high profits help to initiate collaborative efforts with 
suppliers (Figure 5, R4). Nonetheless, this has to be combined with contractors’ desire to 
improve the success of innovation. However, such desire is often associated only with large 
R&D projects, such that contractors’ level of innovation has to be large enough for its success 
to be considered to be important. In addition, Figure 5 shows that social pressure has no 
growth effect on the technological cooperation between local contractors and suppliers. 
Instead, it presents obstacles to innovation, an oscillating cycle in the level of innovation by 
local contractors (Figure 5, B4) which hinders long-term cooperation. It may also lead to the 
perception among local contractors that only short-term collaboration is essential or beneficial 
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Figure 5. Feedbacks involving Suppliers 
National Research Institutions 
It is often assumed that there is a linear flow from basic science to applied science to 
technology (Rashid, 2000). Nonetheless, with the range of knowledge required for the 
development of new products and processes generally beyond the capacity of the individual 
innovating firm, there must be access to information, ideas and systems from knowledge-
intensive actors such as national research institutions, universities and research laboratories 
(Capron and Meeusen, 2000). Within the NSI, the national research institutions provide the 
basic knowledge that forms the “advanced factor” (Porter, 1990, p.77) of the NSI which, as 
compared to the basic factor of unskilled workers and low or established technology, sustains 
competitive advantage through continuous growth of knowledge and training. This will in 
turn increase the R&D capabilities of local contractors that will increase their profits and 
hence their level of innovation (Figure 6, R5). This relationship between R&D capability of 
local contractors and their level of innovation is supported by the correlation and regression 
analyses. 
There have been several examples of such collaboration in many countries. For instance, 
Australia’s Cooperative Research Centre for Construction Innovation (CRC) and the UK’s 
Construction Research and Innovation and Strategy Panel (CRISP) are joint industry and 
government panels that identify and develop priorities for research funders. They also help set 
the agendas for construction research and innovation. However for Singapore, the descriptive 
statistics in Table 2 show that there is a low level of joint ventures between contractors and 
national institutions. Hence, there is a need for Singapore to effectively utilize further 
collaborative mechanisms to reduce the dependence of Singapore contractors on the 
Government and also to reap the benefits of higher innovation levels. 
The impact of social pressure to innovate on local contractors indicates that although 
initial high pressure will lead to more joint ventures with national research institutions in an 
attempt to improve the success of innovation, it will inevitably lead to oscillations in the level 
of innovation by local contractors (Figure 6, B5). This can be corrected into a continuous 
impetus to innovate by the local contractors by constantly reviewing the social desirability of 
construction quality and productivity through policies and regulations that convey such 
information. This view is supported by the results of the correlation analysis which show that 
the higher the collaboration between national research institutions and local contractors, the 
higher the local firms’ innovation.   
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Figure 6. Feedbacks involving National Research Institutions 
 
Foreign Contractors 
In today’s globalised economies, the growing proximity and potential tension among 
national systems increase the demand for nation-specific systemic differences and impacts of 
innovation practices that relate to international trade to be understood (Ostry and Nelson, 
1995). Studies show that in Singapore, the competitive edge of foreign firms over local firms 
is due to their ability to deliver cost efficient, higher quality work, with superior project 
management and technological expertise (Ho, 1987). For instance, Shimizu Corporation, a 
Japanese construction firm, won the contract for the redevelopment of the Marco Polo Hotel 
into a luxury condominium although Shimizu was the highest bidder. The developers, Marco 
Polo Developments Limited, explained that this was because they believed that Shimizu 
would provide the best quality of work and safety standards. Similarly, Dragages Singapore 
Pte Ltd, a French construction firm, was engaged by the joint venture between SC Global 
Development and First Capital Corporation to undertake The Ladyhill project, another top-
class luxurious condominium, due to the assurance of quality although Dragages was one of 
the highest bidders.  
The foreign contractors operating in Singapore bring with them new technologies that 
can be transferred to local contractors. This would allow improvements in local contractors’ 
level of productivity and quality (Figure 4, R3). At the broad, national level, this strategy is 
not new to countries such as Singapore, Hong Kong and Malaysia that have, for several 
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decades, leveraged on FDI by multinational corporations for their economic growth 
(Mahmood and Singh, 2003). Furthermore, Singapore’s trade openness, as measured by the 
ratio of total trade to GDP, is among the highest in the world (Wong, 2003), making the 
country a natural candidate for stimulation of innovation through a competitive economy. 
However, the NSI model indicates that this transfer of new technologies is dependent on both 
clients’ demand for quality and the contractor’s cost competitiveness. The interlocking nature 
of B3 and B6 in Figures 4 and 7 respectively shows that the dominance of either feedback 
depends on the client’s demand for quality over cost considerations. The effect of the 
dominant loop would be further emphasized by the growth feedback of R3 (Figure 4).  
For example, as Singapore clients give preference to cost and this forms the basis of 
competition in the industry, this will allow B3 (Figure 4) to dominate over B6 (Figure 7). 
Therefore, local contractors will experience low demand if they engage in innovation. Hence, 
the increase of Singapore contractors’ dependence on transfer of technology from foreign 
firms to maintain their level of competitiveness and gain adequate profit. This effect will 
diffuse into R3 (Figure 4), which will amplify this negative impact, creating a continuous 
lowering of local contractors’ level of innovation and further increase in the dependence on 
technology transfer. It will also lead to a continuous decrease in contractor’s profit through 
the interlocking feedback of R3 (Figure 4) with R1 (Figure 3), hence, further lowering the 
contractors’ level of innovation.    
On the other hand, if clients’ demand for quality increases, B6 will dominate over B3. 
Hence, demand for the services of local contractors will be high if they engage in innovation.  
This effect will diffuse into R3 (Figure 4), which will amplify this positive impact into 
continuous growth of contractors’ level of innovation and lowering of the dependence on 
transfer of technology. It will also lead to a continuous increase in contractors’ profit through 
the interlocking feedback of R3 (Figure 4) with R1 (Figure 3).    
Nonetheless, with reference to B6 (Figure 7), the increase in contractors’ level of 
innovation through inward FDI is due to an increase in the R&D capabilities of the local 
contractors through technology transfers. However, this affiliation is not sustainable because 
when local contractors improve, there will be a decrease in technological transfers as foreign 
firms shift to protect their competitive edge. Therefore, local construction firms should utilize 
their improved R&D capability, shifting slowly from imitating technologies to developing 
their own. This strategy can be facilitated by outward FDI into the countries in the South-East 
Asia region.  
In Figure 7, R7, through outbound FDI, home firms cannot only maintain or boost their 
profits, but also improve their R&D capabilities through increased experience. With increased 
profits and capabilities, they will be able to engage in their own innovation. These 
relationships are supported by the regression analysis that demonstrates the positive 
relationship between the level of innovation with the value of exports of construction services 
and contractors’ R&D capabilities. Moreover, through this strategy, local contractors will be 
able to carve their own niches through strategic innovations, boosting their competitive edge 
in the regional market through outward FDI.  
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Figure 7. Feedbacks involving Foreign Contractors and Local Export of Construction 
Services 
 
Oscillating cycle of the level of construction innovation caused by social pressure to 
innovate 
The oscillating feedbacks that obstruct the continuous growth of construction innovation 
are mainly due to the socially desired level of construction productivity and quality remaining 
constant throughout the interaction time. In the first cycle, high levels of innovation will 
induce improvements in actual construction quality and productivity. This will lead to lower 
pressures to innovate as the gap between social desire and actual private performance reduces. 
Hence, with lower pressure to innovate carried over into the second cycle, the level of 
innovation will be lower compared to that in the first cycle. This will lead to a lowering of the 
performance of local contractors, widening the gap between socially desired and actual 
construction quality and productivity, hence causing the pressure to innovate to oscillate 
upwards once again into the third cycle. Therefore, to reduce the magnitude of the oscillation, 
it is important that social intentions are constantly reviewed as the construction industry 
develops, to convey the right signals to industry players. 
 
Towards Sustainable Stimulation of Construction Innovation through the National 
System of Innovation 
From the feedbacks, technological cooperation between suppliers and local contractors is 
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driven by the profit motive. However, construction is often characterized by many 
interconnected and customized elements that are organized in a hierarchical way that often 
impedes innovation. This presents two major hindrances to efforts in construction innovation. 
First, as noted by Nam and Tatum (1992, p. 520), ‘Material suppliers develop new materials, 
equipment suppliers develop new equipment and construction professionals are rarely aware 
of these developments; their focus is usually on reducing the material and labour requirements 
for a project’. This is further aggravated by the typically large number of small-sized 
enterprises in construction and the highly fragmented industry that hinder innovation.  
Second, present procurement methods and contractual arrangements based on standard 
forms of contract, bylaws and codes of practice enforce differences in values, goals and 
orientation among members of the construction project team (Bresnen and Marshall, 2000). 
This, together with the contractual system that emphasizes the one-off project nature, often 
creates adversarial relationships among practitioners that further weaken the relationships 
among them. Therefore, although profit is the main driving force for collaboration between 
suppliers and contractors, the magnitude of the impacts that the observed industrial 
collaborative feedbacks have on construction innovation is largely dependent on the readiness 
of the parties involved to cooperate. 
Similarly, technological cooperation with National Research Institutions is most feasible 
when local contractors are given profit incentives. However, this variable was noted to 
contribute insignificantly to Singapore contactors’ level of innovation. Nonetheless, lessons 
from developed nations, such as the Japan, the UK and US, show that where levels of 
government investments in national development are already high, any further investments in 
resources will yield meagre, if any, returns (Yusuf and Evenett, 2002). Hence, there is a need 
for a reconfiguration of industry level strategies in construction (Yusuf, 2002). For instance, 
the Japan Association of Representative General Contractors, comprizing 120 medium-sized 
contractors which receive no political protection from the State, aims to promote the 
modernization and rationalization of management, improve technical capabilities, and 
contribute to the effective development of the construction industry in Japan (Okamoto, 
2000). Likewise, in Canada, a consortium of major private building owners sponsored a major 
study of best repair practices for garages damaged by calcium chloride and in the US, the 
Electric Power Research Institute (EPRI), a consortium of electrical power companies has 
sponsored research into dam construction (Seaden, 1996).  
Therefore, it may be suggested that to enable sustainable gains from collaborative 
relations, construction firms should tap into their own national factors of Suppliers and 
National Research Institutions to build “cluster specific environments for innovation” (Stern, 
et al., 2000, p.13). Clusters are ‘the geographical concentrations of interconnected companies, 
specialized suppliers, service providers, firms in related industries, and institutions in 
particular fields that compete but also cooperate’ (Porter, 1990, p.199). The NSI model 
structures Suppliers and National Research Institutions as parts of national clusters that 
facilitate intellectual spillovers, and that maximize the collaborative and competitive powers 
within the clusters. This notion is in line with Porter (1990) who stated that nations gain 
factor-based comparative advantages and benefits in industries that make intensive use of the 
factors they possess in abundance. However, solitary dependence on such a strategy has been 
criticized as ‘old fashioned and misguided’ (Rugman and Cruz, 1993, p.25). Dunning (1993) 
observed that to suggest that the competitive position of large corporations rests only on their 
access to the competitive advantage of their home countries is ludicrous.  Hence, there is a 
need for further consideration of the impacts of globalisation on various aspects of 
construction including innovation. 
From the previous discussion on foreign contractors, the notion that only outward FDI is 
valuable in creating competitive advantage and that inward FDI is ‘not entirely healthy’ as 
suggested by Porter (1990, p.671) is unfounded. Dunning (1992) notes that inward FDI may 
lead to a socially unacceptable rate of depletion of natural resources, or a foreign firm may 
acquire technological capacity from a domestic firm at a socially unacceptable price. 
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Nonetheless, the NSI model shows that inbound FDI can also bring in foreign capital and 
technology, facilitating the growth of the domestic industry. Furthermore, it is often argued 
(Moon et al., 1995) that unwarranted limits on inward FDI can lead to the formation of a 
"shelter" for domestic firms. This ‘guarding’ of local contractors’ domestic markets may hurt 
home firms in the long run. In addition, the NSI model suggests that local contractors should 
export their construction services, hence developing a more sustainable competitive 
advantage and a stronger NSI at home.   
Thus, it is often not a question of whether domestically owned investments should be 
preferable to foreign-owned investments, but rather, the extent to which a country or its 
people are willing to trade a degree of economic sovereignty for economic progress, or their 
willingness to achieve this progress at the sacrifice of its economic independence (Dunning, 
1993). Singapore’s success as a newly industrialized economy is leveraged on both inbound 
FDI that brings foreign capital and technology, as well as outbound FDI that allows 
Singapore-owned enterprises to gain access to cheap labour and natural resources, and 
thereby, maintain their global competitiveness. This success should be extended to the 
construction industry where the combination of the domestic and international position of 
Singapore’s NSI will sustain the level of construction innovation by homegrown contractors. 
The positive impact of inbound FDI can be further enhanced if the change in clients’ 
emphasis on lowest cost to higher construction productivity and quality is considered together 
with profit incentives for contractors.  
 
Policy Implications 
From the feedbacks within the NSI, it may be suggested that policies aimed at 
stimulating innovation should first, focus on enabling the local contractors to attain higher 
profit levels due to the higher number of growth momentums they generate. Second, as FDI 
plays a significant role in today’s globalized economies, local contractors should strategize 
and tap into this potential resource. Third, social pressure to innovate can be more efficiently 
utilized by undertaking regular reviews as the industry develops. This will convey the right 
signals to the industry players, hence reducing the oscillating effect of the pressure to 
innovate on the local contractors. It is pertinent to note that such conclusions are made on the 
restricted analysis of the number of feedback loops each of the determinants of the NSI 
presents. This may not adequately represent the intensity and magnitude of the impacts of the 
feedbacks on construction innovation. Such magnitudes can only be investigated through 
quantitative analysis of the NSI model.  
Caution should be exercised to moderate the profit initiatives towards construction 
innovation. Excessively high profit returns may build monopolistic characteristics in firms, 
and create high entry barriers. Similarly, putting excessive social pressures to innovate on the 
local contractors may have an adverse impact on the learning capabilities of the firms. When 
under such pressure, local contractors may superficially engage in a pick and mix exercise of 
R&D to demonstrate innovative behaviour without any strategic learning or actual innovation. 
This is likely to result when government policies that are based on social desirability are 
without clear direction of social intentions or needs regarding technological improvements.  
For FDI, a balance should be sought in enabling local firms to maintain a healthy 
adaptation of new technologies from foreign firms while engaging in further technological 
developments through R&D. Therefore, policies should ensure a construction industry with 
the right competitive mix of foreign and local contractors. Similarly, government can take a 
direct approach in determining the level of foreign investments within the industry through 
schemes such as the Preferential Margin Scheme (PMS) which was introduced in Singapore 
in 1980 to promote technology transfer by encouraging joint ventures between local and 
foreign contractors. Such joint ventures with at least 25 percent of net local equity 
participation were offered a preferential margin, when tendering for major public projects, of 
up to 5 percent of the bid or S$5 million (Ofori, 1994).   
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Conclusion 
In an effort to address the workings of the national economy and its interrelated impacts 
on construction innovation, the concept of the NSI was employed through qualitative systems 
thinking. A series of supporting logics for the possible development and implementation of 
effective policies towards stimulating higher levels of construction innovation by local 
contractors was developed. By identifying the logics underlying the workings of each of the 
components of the NSI, profit incentives and the social desire for higher construction 
productivity and quality were identified as two main driving forces within the NSI.  
From further analysis of the NSI model, it was concluded that the profit incentive is a 
stronger driver of innovation within the NSI than social pressure. Therefore, although it is 
often argued in construction that clients can drive innovation only through the demand for 
higher quality, this study proves otherwise. It has been observed that the fundamental rule of 
profit creation for business should not be ignored in the process of innovation. Without the 
client’s satisfaction with quality while maintaining profit incentives for the contractors, the 
latter’s drive towards meeting clients’ demand for quality would be hindered. This does not 
imply that profit motivation should not be dogmatically applied without the consideration of 
its implications in the wider economy and the externalities that the process of profit 
maximization may create. To emphasize the effects of such externalities to the business 
sector, the government has to accentuate the social pressure for innovation through 
appropriate policies. This is because knowledge, product efficiency and quality, the outputs of 
innovation, produce positive externalities that can only be profited from by the society 
through government intervention.  
Therefore, it has been demonstrated that the system approach can assist the government 
in developing more robust and responsive policy initiatives. However, the findings from this 
study need to be augmented with further research such as work aimed at quantifying each 
variable within the NSI. Furthermore, this NSI model should be applied across several 
countries to obtain adequate empirical support for the magnitude and thus significance of each 
feedback on contractors’ level of innovation.  
 
References 
Archibugi, D. and Michie, J. (Eds.). (1997). Technology globalisation and economic 
performance. Cambridge University Press, New York. 
Baumol, W.J. (2002). The free-market innovation machine: analyzing the growth miracle of 
capitalism. Princeton University Press, United States. 
Bernstein, H.M. and Lewer, A.C. (1996). Solving the innovation puzzle. ASCE Press, 
New York. 
Bresnen, M. and Marshall, N. (2000). “Motivation, commitment and the use of incentives in 
partnerships and alliances.” Construction Management and Economics, 18(5), 587-598. 
Brod, A. and Shivakumar, R. (1997). “R&D cooperation and the joint exploitation of R&D.” 
The Canadian Journal of Economics, 30(3), 673-684. 
CIB TG 37. (2000). Future of CIB TG 37. 
<http://www.icbo.org/Code_Talk/Perfroamce_Codes/CIBTG/0104-exhibit-b.org.> 
(Nov. 19, 2002) 
Capron, H. and Meeusen, W. (2000). The National Innovation System of Belgium. Physica-
Verlag, Germany. 
Construction 21 Committee. (1999). Construction 21: Re-inventing Construction. Ministry of 
Manpower and Ministry of National Development, Singapore. 
                                                                                                                               A86 
Construction Research and Innovation Strategy Panel (CRISP). (1997). Creating climate of 
innovation in construction. CRISP Motivation Group, London. 
Department of Statistics. (2004). Yearbook of Statistics, Singapore, Department of Statistics, 
Singapore. 
Dulaimi, M.F., Ling, Florence Y.Y, Bajracharya, A. (2003). “Organizational motivation and 
inter-organizational interaction in construction innovation in Singapore.” Construction 
Management & Economics, 21(3), 307-312. 
Dunning, J. H. (1992). “The competitive advantages of nations and TNC activities: A review 
article.” Transnational Corporations, 1, 135-168. 
 Dunning, J. H. (1993). “Internationalizing Porter’s Diamond.” Management International 
Review, 33(2), 7-17. 
Edquist, C. (1997). System of Innovation: Technologies, Institutions and Organizations. 
Pinter, London. 
Freeman, C. (1987). Technology and Economic Performance: Lessons from Japan. Pinter 
Publishers, London.   
Gann, D.M. (2000). Building Innovation: Complex Constructs in a Changing World. Thomas 
Telford, London. 
Griliches, Z. (1991). Working Paper 3768: The search for R&D spillovers. National Bureau 
of Economic Research, Cambridge. 
Harper, J.D. (1963). Profitless Prosperity, Speech delivered at Annual Public Interest 
Luncheon. Dallas Management Association, Texas. 
Hertog, P. and Brouwer, E. (2001). “Innovation In The Dutch Construction Cluster.” 
Innovative Clusters: Drivers of Innovation Systems, Hertog, P., Bergman, M. and 
Charles, D., eds., Organisation for Economic Co-operation and Development, Paris. 
Ho, K.Y. (1987). Foreign contractors in the Singapore construction industry. Unpublished 
BSc Dissertation, National University of Singapore, Singapore. 
Kangari, R. and Miyatake, Y. (1997). “Developing and Managing Innovative Construction 
Technologies in Japan.”  Journal of Construction Engineering and Management, 
123(1), 72-78. 
Klein, K. and Sorra, J. (1996). “The Challenge of Innovation Implementation.” Academy of 
Management Review, 21(4), 1055-1080. 
P. Laredo and P. Mustar. (2001). “French Research and Innovation policy: two decades of 
transformation.” Research and innovation policies in the new global economy, P. 
Laredo and P. Mustar, eds., 447-496, Edward Elgar, USA.  
Langford, D. and Dimitrijevic, B. (2002). Construction Creativity Casebook. Thomas Telford 
Publishing, London. 
Liebing, R. (2001). The Construction Industry: processes, players, and practices. Prentice 
Hall, Upper Saddle River.  
Lundvall, B.A. (1992). National Systems of Innovations: Towards a Theory of Innovation and 
Interactive Learning, Pinter Publishers, London. 
Mahmood, P.M. and Singh, J. (2003). “Technological dynamism in Asia.” Research Policy, 
32(6), 1031-1054. 
Manseau, A. (1998). “Who cares about the overall industry innovativeness?” Building 
Research and Information, 26(4), 241-245. 
                                                                                                                               A87 
Manseau, A. and Sedean, G. (2001). Innovation in construction: an international review of 
public policies, Spon Press, London. 
Mansfield, E. (1977). “Social and Private Rates of Return from Industrial Innovations.” 
Quarterly Journal of Economics, 91(2), 221-240. 
Milford, R. (2000). National Systems of Innovation with Reference to Construction in 
Developing Countries. <<http://buildnet.csir.co.za/cdcproc/docs/2nd/milford_rv.pdf>> 
(Apr. 19, 2003) 
Moon, H.C., Rugman, A.C., and Verbeke, A. (1998). “A generalized double diamond 
approach to the global competitiveness of Korea and Singapore.” International 
Business Review, 7(2), 135-150. 
Nam, C. H., and Tatum, C. B. (1992). “Strategies for technology push: Lessons from 
construction innovations.” Journal of Construction Engineering and Management, 
118(3), 507–524. 
National Research Council of Canada. (1986). Building Research News, Vol.87.  Institute for 
Research in Construction, Ottawa. 
National Research Council of Canada. (2001). “Construction Innovation – opportunities for 
better value and profitability.” International Symposium Preliminary proceedings, 
Institute for Research in Construction, Ottawa. 
Nelson, R.R. (ed.). (1993). National Innovation Systems: A Comparative Analysis, Oxford 
University Press, New York. 
OECD .(1993). Proposed standard practice for surveys of research and experimental 
development – Frascati Manual. Organisation for Economic Co-operation and 
Development, France. 
OECD. (1997). Oslo manual: proposed guidelines for collecting and interpreting 
technological innovation data. Organisation for Economic Co-operation and 
Development, France. 
Ofori, G. (1994). “Construction industry development: role of technology transfer.” 
Construction Management and Economics, 12(5), 379-392. 
Ofori, G. and Chan, S.L. (2001). “Factors influencing development of construction enterprises 
in Singapore.” Construction Management and Economics, 19(2), 145-154. 
Okamoto, S. (2000). CIB Report No. 250: Current Conditions and Perspectives of 
Technology Development of Medium-Sized Firms in Japan. International Council for 
Research, Rotterdam. 
Ostry, S. and Nelson, R. (1995). Techno-nationalism and techno-globalism: conflict and 
cooperation. Brooking Institution, Washington.  
Pedersen, D.O. (1996). “The Economics of Innovation in Construction.” Economic 
management of innovation, productivity and quality in construction : CIB W 55 
Building Economics 7th Internatoinal Symposium, Katavic, M., ed. (Sep. 4-7), Croatia. 
Porter, M.E (1990). The Competitive Advantage of Nations. Free Press, New York. 
Porter, M.E and Stern, S.  (2001). “Innovation: Location Matters.” MIT Sloan Management 
Review, 42(4), 28-37. 
Rashid, S. (2000). Economic Policy for Growth – Economic Development is Human 
Development. Kluwer Academic Publisher, USA.  
Rugman, A.M. and Cruz, J. R. (1993). “The ‘Double Diamond’ Model of International 
Competitiveness: The Canadian Experience.” Management International Review, 33(2), 
17-41. 
                                                                                                                               A88 
Schumpeter, J. A. (1934). Theory of Economic Development. Harvard University Press, 
Cambridge. 
Seaden, G. (1996). Cib Report No. 202: Economics of Technology Development for the 
Construction Industry. International Council for Research and Innovation in Building 
and Construction, Rotterdam. 
Seaden, G., Guolla, M., Doutriaux, J. and Nash, J. (2001). “Strategic decisions and innovation 
in construction firms.” Construction Management and Economics, 21(6), 603-612. 
Senge, P.M. and Fulmer, R.M. (1993). “Systems Dynamics and Anticipatory Learning.” 
Journal of Management Development, 12(6), 21-33. 
Sidwell, A.C., Metzinger, W.A. and Tucker, R.L. (1988). Japanese, Korean, and U.S. 
construction industries. Construction Industry Institute, Austin. 
Sterman, J.D. (2000). Business Dynamics: Systems Thinking and Modeling for a Complex 
World. Mc Graw-Hill, Boston. 
Stern, S., Porter M. E. and Furman, J. L. (2000). The determinants of national innovative 
capacity. National Bureau of Economic Research, Cambridge. 
Toole, T.M. (1998). “Uncertainty and home builders’ adoption of technological innovations.” 
Journal of Construction Engineering and Management, 124(4), 323-332 
Veshosky, D. (1998). “Managing innovation information in engineering and construction 
firms.” Journal of Management in Engineering, 14(1), 58–66. 
Wong, P.K. (2003). “Global and National Factors affecting E-Commerce and Diffusion in 
Singapore.” The Information Society, 19(1), 19-32. 
Yusuf, S. (2002). Can East Asia compete? Oxford University Press, New York.  
Yusuf, S. and S. J. Evenett. (2002). Can East Asia compete? Innovation for global markets. 























                                                                                                                               A89 
APPENDIX (N) EFFECTIVENESS OF NATIONAL INSTITUTIONS IN 
STIMULATING CONSTRUCTION INNOVATION IN 
SINGAPORE 
 
Lim Jay Na, 
National University of Singapore (email: g0203427@nus.edu.sg) 
 
George Ofori,  
National University of Singapore (email: bdgofori@nus.edu.sg) 
 
Abstract 
In this paper, based on qualitative system dynamics, a model of the National System of 
Innovation (NSI) is structured with five main NSI actors: National Institutions; 
Contactors; Clients; Related and Supporting Firms; and Government. This model, based 
on the assumption that the key motivation for innovation by national institutions is based 
on maximising social benefits, highlights the social pressure for higher productivity and 
quality as the main driving force of construction innovation by national institutions within 
the NSI. The research findings indicate that technological advance from national 
institutions that cultivates a competitive environment is able to first, stimulate a direct 
increase in construction innovation, and second, develop industry clusters that increase 
contractors’ research capabilities. This will encourage contractors to adopt innovation as a 
long-term strategy towards sustainable competitiveness. Hence, we concluded that the 
ease of adoption of technological advancements is paramount towards developing a 
competitive industry and it should be considered in national institutions’ innovation 
policies.  
Keywords: Institutions, Innovation, National System of Innovation, System Dynamics  
1. Introduction 
 
1.1 Overview of the Role of National Institutions in Construction 
Institutions are understood as norms, habits and rules that are deeply ingrained in society 
and which have a major role in determining how people relate to each other and how they 
learn and use their knowledge. National institutions involve exploring the national 
mechanisms, such as governments, higher educational systems and national research 
institutes, by which new technologies are developed and transferred. Various authors 
[1,2,3] have recently brought the concept of national institutions as a linkage between the 
common infrastructures of the national economy and that of the cluster network of inter-
relating firms in the theories of National System of Innovation (NSI). It encompasses the 
“transfer factors” that strongly influence the effectiveness of linkages, the flows of 
information and skills, and the absorptions of learning that are essential to the firm’s 
innovative capabilities.  
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In construction today, the dynamic environments that challenge firms in their 
management of technological innovations and uncertainties across organizational 
boundaries reveal the significance of the role of national institutions in the industry. 
Technical know-how is required first, for construction firms to stay viable in the market, 
and second, as a key tool for competition through innovation. Hence, many researchers 
[4,5] have identified institutionalised R&D as a possible major source of technological 
innovation in construction and have asserted the urgency of an increased level of 
investment in construction R&D. In this paper, using System Dynamics, a model of the 
NSI is developed to illustrate the role of national institutions in stimulating higher levels 
of construction innovation within the NSI. From this, it is intended to investigate: (1) the 
role and effectiveness of national institutions within a nation in stimulating construction 
innovation; and (2) the possibilities of reformulating national institutional policies to 
attain higher levels of innovation in Singapore’s construction industry. 
The time is right for an analysis of the role of national institutions in facilitating higher 
levels of construction innovation at the national level to be undertaken as it is believed 
that the innovation capabilities of firms are key sources of competitive prowess and that 
such capabilities can be built by national action [6]. Moreover, lessons from developed 
nations such as the US, UK and Japan illustrate the need to provide a rationale for further 
investments in national institutions as they are progressively facing the economic 
challenge of decreasing return in research investments [7]. On the other hand, there is a 
growth in private associations that are modernizing management and improving technical 
capabilities without the aid of governments [8]. Examples include Japan Association of 
Representative General Contractors, the Electric Power Research Institute (EPRI) in the 
US and a consortium of major private building owners in Canada. These associations 
have sponsored major studies to develop new technologies for application in their 
industries [9]. Hence, there is a need for a realignment of investments in national 
institutions and the reconfiguration of policies to achieve greater efficiency and 
effectiveness from strategies within the dynamic environment of the NSI.  
1.2 Methodology 
In this research study, secondary statistical data for Singapore were collected from 
various publications such as the Yearbook of Statistics and the Economic Survey Series. 
By applying non-linear regression to the data for the period 1981-2002, a logical 
deduction of the significance of each NSI determinant to construction innovation is 
obtained. This aided the formulation of the NSI model. The Statistical Package for the 
Social Sciences (SPSS) was used for the non-linear regression, while Vensim was used 
for the development of the NSI system model. 
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2. The National System of Innovation 
2.1 Logics of the National System of Innovation towards Construction 
Innovation 
Freeman defines the NSI as the network of actors in the public and private sectors whose 
activities and interactions initiate, modify, and diffuse innovations and implement them in 
new products, production processes, and organizational forms [1]. However, there is no 
agreement on the key structural elements of an NSI, and how these elements interact to 
determine the overall pace and performance of innovative activities in a country, as there 
is no one best way to describe the elements in an NSI when countries are of diverse sizes, 
stages of economic development, and history [2]. However, from the various models of 
the NSI [3,10,11], four similar and critical variables can be highlighted:  
(1) Firms and their dynamic factors that shape innovation in firms such as networks of 
collaboration with firms’ related and supporting industries, rivalry and firms’ 
structure;  
(2) Transfer Factors – issues of effectiveness of linkages for the transfer and absorption 
of technology, knowledge and skills between firms and the common innovation 
infrastructure; 
(3) Common innovation infrastructure – basic national infrastructures that sets the range 
of opportunities for innovation such as human capital and financial resources 
available for R&D activity, policy choices and other national resource commitments; 
and 
(4) Chance – a set of factors that exist regardless of any consideration of innovation. 
Hence, the main actors of the NSI in the context of the construction industry are:  
(1) Firms and their dynamic factors that shape innovations in firms - Construction 
Clients, Contractors, Suppliers and other Related and Supporting Firms; 
(2) Transfer Factors – National Institutions; and 
(3) Common innovation infrastructure- Government. 
Chance, is not considered here because, as Schumpeter observed, innovation cannot take 
place if the economy does not develop and is only dragged along by changes in the 
surrounding world. Thus, the impact of chance on innovation, is secondary, and depends 
on the internal efforts of the economy rather than on chance [12].  
In the NSI model presented in this paper, the NSI actors are within the national system of 
interconnecting relationships, which are further linked by NSI variables. Together, under 
influence of the key driver for construction innovation through the national institutions, 
they structure the level of construction innovation undertaken by contractors. The 
relationships between the NSI variables and the level of construction innovation are 
defined by the results of the non-linear regression analysis in Table 1. Table 2 shows the 
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measurement frameworks of these variables. The findings from the regression analysis 
demonstrate that all proposed NSI variables are significant except for Construction 
Demand. This may be due to quality aspects that are imperfectly reflected in the national 
income accounts indicator. Nonetheless, abiding by the regression results, construction 
demand is not included in the model.  
Table 1: Non-Linear Regression Analysis Results 
Unstandardized Coefficients Standardized Coefficients t Sig. Variables 
 B Std. Error Beta   
(Constant) 42.300 41.631  1.016 .326 
CLP -1.168 .652 -.137 -1.793 .003 
GDP -16.720 7.199 -.731 -2.323 .055 
INI .372 .123 .422 2.020 .009 
RDC 4.111 1.568 .671 1.622 .019 
COM 5.578 2.956 .200 1.887 .009 
CBL 4.846 5.304 .272 .914 .015 
    Dependent Variable: LCI 
    R2 value = 0.933 
 
 
Table 2: Variables Measurement Framework 
Connotation Variables / factors Measurement framework 
LCI Local Contractor’s Level of 
Investment in Innovation 
Annual R&D Expenditure of Local 
Contractors 
CLP Construction Labour Productivity Annual Percentage Change in 
Labour Productivity 
GDP Construction Demand Construction’s Industry’s 
Contribution to Gross Domestic 
INI National Investments in National 
Institutions 
Annual R&D conducted by 
Government and National 
RDC R&D Capability of Local 
Contractors 
FTE# value of R&D Personnel in 
Construction 
COM Level of Competitiveness in the 
Construction Industry 
Annual Number of New 
Construction Companies  
CBL Available funds for private 
investments in construction 
Bank Loans and Advances to Local 
Contractors 
# FTE: Full Time Equivalent – Methodology based on Frascati Manual (OECD, 2002)  
2.2 Driver of Construction Innovation in the National System of Innovation 
through National Institutions 
Markets do not necessarily lead to the optimal production and distribution of knowledge 
because there are gaps between the social and private returns from investment in 
knowledge-enhancing activities. While private returns refer to the gains realized by the 
firm undertaking the R&D, social returns are based on total benefits, including those 
flowing to consumers and other producers [13]. Seaden notes that the social rate of return 
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from construction R&D may be several times larger than the private rate of return [9]. A 
survey by Griliches indicated that between one-third and two-thirds of the economic 
benefits of R&D are not captured by the organization that performs it [14]. Mansfield 
observes that innovation in construction materials presents one of the greatest divides, 
with social returns of 96 percent and only 9 percent of private returns [15]. This may be 
because construction is a fragmented and highly competitive industry; firms are less able 
to translate their innovations into higher profits due to their low shares of the market [9]. 
Hence, there is a call for the government to be involved in controlling these positive 
externalities, and national institutions offer a possible avenue to do so. Since innovation is 
largely a public good with social desirability often exceeding those of the market, this 
desirability is revealed through the social desire for higher construction productivity and 
quality. Thus, the difference between the desired construction productivity and quality 
and the actual level provided by the contractors present the pressure on the national 
institutions to reduce the ‘spillover effects’ of knowledge benefits. Hence in this paper, 
the social pressure for innovation is recognised as the key driver of innovation by national 
institutions in the NSI.  
3. Dynamism of National Institutions in the Construction Industry 
3.1 The System Dynamics Approach 
A qualitative systems model was applied that utilises causal loop diagrams to structure a 
modeller’s understanding of the system and to show the dynamics of the variables. Table 
3 presents the typical denotations used in causal loop diagramming. At the foundation of 
the systems approach are positive feedbacks, represented by a reinforcing loop that is 
structured by none or an even number of negative links, and negative feedbacks, 
represented by a balancing loop that is structured by an odd number of negative links. 
Positive feedback creates reinforcing behaviour and negative feedback moderates a 
system towards an equilibrium position. The identification of positive and negative 
feedback structures in economic and management systems is key to modelling and 
gaining insight into the development of innovation [16]. 
Table 3: Denotations for Causal Loop Diagramming (Sterman 2000) 







All else remaining equal, an increase (decrease) in the variable 
‘A’ increases (decreases) the variable ‘B’ above (below) what it 





All else remaining equal, an increase (decrease) in the variable 
‘A’ decreases (increases) the variable ‘B’ below (above) what it 
would otherwise have been. 
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3.2 Creation of a Competitive Environment for Stimulation of Construction 
Innovation 
Institutional economists note that the influence of a country’s institutions on its ability to 
master and advance technology is a central way that the institutions affect economic 
performance [17]. Similarly, Porter observes that national institutions provide the basic 
factors constraining national or any specific industry’s productivity [18]. This relationship 
is reflected in the NSI model, where construction productivity and quality directly 
influence the pressure on the national institutions’ decisions in deploying resources for 
technological advancements (Figure 1, B1). Following feedback B1, a higher deployment 
of resources in national institutions’ R&D will lead to technological advances that will 
once again affect the level of productivity by increasing it at the pace of the adoption of 
the new knowledge by contractors. However, this flow of activities is structured as a 
balancing loop that will moderate the level of productivity and quality towards an 
equilibrium position over time. For example, with a higher level of productivity and 
quality, there will be lower social pressure on the national institutions to innovate, hence, 
lowering the pace of technological advancements that will in turn reduce the level of 











Figure 1: The NSI model for Stimulation of Construction Innovation through NSI 
Consequently, it is observed that based only upon national deployment of R&D resources, 
it appears rather inadequate for promoting innovation in construction [19]. Furthermore, 
Milford observed that while the role of the government-supported research institutes and 
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of their contribution or influence is difficult to quantify [20]. Hence, the question remains 
if technological advancements from national institutions are able to stimulate increases in 
the level of innovation by contractors. Expanding on the feedback loop B1 to the 
involvement of construction innovation (Figure 2, B2), the regression analysis presents an 
inverse relationship between productivity and quality, and innovation. Structuring this 
within the dynamic flow of feedbacks within the NSI, a fall in productivity can trigger 
higher pressure to innovate on the national institutions. With new technological advances 
developed by national institutions, clients will demand that contractors implement the 
new technology. This will trigger a higher level of competitiveness in the industry, as new 
entrants with the latest technology will enter the industry while incumbents struggle to 
implement these changes and/or engage in further innovation that will allow them to 
maintain their competitive advantage and market share. This will cause a higher level of 
innovation that will cause a second new wave of momentum through the cycle by 
influencing the level of productivity and quality. The positive relationship between the 
level of competition in the industry and innovation is supported by the regression results. 
Thus, although B2 is similar to B1 in encompassing a balancing nature, B2 differs from 
B1 by first, simulating innovative behaviour by firms and second, enabling the formation 
of industrial clusters that cultivates higher research capabilities of companies, hence, 











Figure 2: Stimulating Construction Innovation through a Competitive Environment 
These observations offer a riposte to the belief that the level of investments in national 
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any, returns and could even entail a waste of resources [7]. Clearly, even if technological 
advances by national institutions do not provide adequate returns through a direct increase 
in productivity and quality, national institutions can still play a significant role in 
stimulating higher levels of innovation by contractors through developing a competitive 
environment. However, this requires a reconfiguration of strategies and a careful choice 
of the type of technological advances. From the feedback and logics in the NSI model, the 
key variable that determines if technological advances are able to cultivate a competitive 
environment is the ease of adoption of new knowledge by firms. This is mainly dependent 
on whether the new technology involves roughly the same kind of knowledge and skills 
as the old. If so, firms tend to be able to switch over to it rapidly to maintain entry 
barriers. If not, the presence of new knowledge tends to dilute the extent to which existing 
firms have advantages over potential entrants and new firms tend to enter the industry 
[17].  
3.3 Competitiveness, a push factor for the formulation of industrial clusters 
Clusters are defined as ‘the geographical concentrations of interconnected companies, 
specialized suppliers, service providers, firms in related industries, and institutions (such 
as universities, standards agencies and trade associations) in particular fields that compete 
but also cooperate’ (Porter, 1998, p.199). Clusters can be seedbeds of innovation because 
of the potential of intellectual spillovers and agglomeration economies [7]. The Survey of 
Cambridge notes the difficulty of cultivating dynamic industry clusters as although 
government’s pressure on the corporate and research sectors backed by financial 
incentives can create an agglomeration of establishments devoted to research, the 
spillover effects of such action can be slow to materialize [21].  
Nonetheless, Porter notes that the underlying motivation for cluster formation is firms’ 
ability to gain competitive advantage as through industrial clusters, firms are able to form 
commercially useful forms of collaborative interaction that encourage deeper inter-firm 
transactional engagements [18,22]. This view is reflected in the NSI model (R1, Figure 1) 
where the pressure for existing contractors to maintain and enhance competitiveness in 
the industry can lead to the formation of clusters as firms search for membership in 
established networks to develop their competitive base. This will increase the research 
capabilities of contractors that will, in turn, attract related and supporting firms as they 
align their compatibility with contractor’s innovations. Hence, this cultivates 
collaborative readiness among the parties that will once again facilitate the formation of 
innovation clusters that further enhance firms’ research capabilities. With such a 
reinforcing behaviour, the higher the number of clusters formed, the higher the 
contactors’ research capabilities developed. This will eventually increase the level of 
innovation in the industry. This positive relationship between contractors’ research 
capabilities and the level of innovation is supported by the regression results. Hence, the 
competitive environment which national institutions are capable of providing not only 
stimulates contractors to engage in innovation, but it also compels firms to engage in the 
formation of clusters that will engage in innovation as a long-term strategy.   
                                                                                                                               A97 
3.4 A Financial Perspective 
Although it was established earlier that there is an inverse relationship between 
construction innovation, and productivity and quality, the model shows that productivity 
and quality can also provide a reinforcing impact on the level of innovation. Figure 1, R2 
indicates that higher productivity and quality will bring about higher profitability to firms. 
This will led to more funds being available for innovation, thus creating a higher level of 
innovation. This relationship is supported by the regression analysis where the higher the 
level of bank loans and advances to contractors the higher the level of construction 
innovation. Nonetheless, as the regression results show, an inverse relationship exists 
between innovation and the level of productivity and quality. Therefore, it can be deduced 
that construction productivity has a greater impact on the level of construction innovation 
through competition rather than the financial support.  
4.       Policy Recommendations 
Nelson notes that empirical scholars of technological advance have always understood 
that the rate and character of technological advances are influenced by the institutional 
structures supporting it, and that institutions also strongly condition whether and how 
effectively new technologies are accepted and absorbed into the economic system [17]. 
Nonetheless, it was observed that supplementary to the effectiveness of technology 
transfers between national institutions and contractors, the ease of adoption and the type 
of technological advance provided by national institutions also determines the extent of 
influence national institutions can have in stimulating contractors to innovate. As 
Metcalfe notes, the scope for technological improvements, the likely productivity of 
innovative efforts and the significance of the developments in the underpinning of 
knowledge bases must be understood if policy is not to collapse into vague generalities 
[23]. Yet too often development of new knowledge by national institutions tends to lend 
strength to prevailing technologies that favours incumbents and that involve a direct 
improvement in productivity and quality rather then the stimulation of innovation.  
Moreover, it was deduced that construction productivity has a greater impact on the level 
of innovation through competition rather than profit. Hence, direct improvements in 
productivity and quality has limited stimulating effect on the level of innovation. In 
stimulating innovation through national institutions, competitiveness offers a much better 
avenue. Thus, there is an increasing need for a reconfiguration of institutional strategies 
of nations not because increasing national resource mobilizations and investments are 
inadequate recipes to embrace but due to the need to recognise that the extent of latent 
economies of scale differs from technology to technology, and the variation in the ease of 
learning by incumbents is of major significance compared with providing more generally 
accessible sources of technological know-how. 
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From the analysis, to enable the creation of a competitive environment that will stimulate 
greater levels of innovation in the construction industry, new knowledge from national 
institutions should facilitate a radical shift away from old practices. For instance, in 
Singapore, the Housing and Development Board’s (HDB) Prefabrication Technology 
Center (PTC) was set up in 1994 to spearhead the use of prefabrication technology in 
Singapore. Its main activities include conducting research and development (R&D) on 
materials and systems and to design, develop and produce prefabricated building products 
[24]. Although this industrialisation programme has enabled the local construction 
industry to improve productivity and quality, it has little or no stimulation effect on the 
level of innovation within the industry.  
However as the balancing nature of the feedback in B2 indicates, competitiveness 
depends on the oscillating nature of social pressure that obstructs the continuous growth 
of innovation through competitive pressures. However, this oscillating behaviour is due to 
the socially desired level of productivity and quality remaining constant throughout the 
interaction time. In the first cycle, high levels of innovation induce improvements in 
actual construction quality and productivity. This leads to lower pressures to innovate as 
the gap between social desire and actual construction quality and productivity contracts. 
Hence, with a lower pressure to innovate carried over into the second cycle, the level of 
innovation will be lower compared to the first cycle. This leads to a lowering of the 
construction quality and productivity, widening the gap between socially desired and the 
actual, hence, causing the pressure to innovate to oscillate upwards once again into the 
third cycle. Therefore, to reduce the magnitude of the oscillation, social intentions must 
be frequently reviewed as the industry develops, to convey the right signals to firms. 
5. Conclusion 
To address the effectiveness of national institutions in stimulating construction innovation 
in Singapore, this study employs the concept of the NSI through qualitative system 
dynamics. A series of supporting logics that aid the analysis of national institutions’ 
technological advancements towards stimulating greater innovation by contractors are 
identified. The social desire for higher productivity and quality emerged as the main 
driving force for technological advancements by national institutions within the NSI. 
From further analysis of the NSI model, it is concluded that the ease of adoption and 
types of technological advances provided by institutions supplement the effectiveness of 
technology transfers between national institutions and contractors in stimulating a higher 
level of innovation by contractors.  However, this analysis is based on the restricted 
analysis of monetary investments without the consideration of other social factors such as 
the impact of personal mobility in the construction industry.  
Nonetheless, it is shown that the system approach can assist national institutions in 
developing more robust and responsive policy initiatives in their choice of technological 
advances. In addition, the institutional structure has a profound effect on and reflects, the 
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technologies that are in use, and which are being further developed. However, the 
findings from this study need to be augmented with further research such as work aimed 
at quantifying each variable within the NSI. Moreover, applying this NSI model 
quantitatively across several countries will enable the derivation of the magnitude of 
influence each NSI determinant has on construction innovation.  
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Abstract 
Innovations are generally classified under product and process innovations that do not 
provide construction firms with the directions and objectives to innovate. To encourage 
contractors to innovate, this paper aimed to provide a practical approach to the 
classifications of innovation that is able to guide construction firms in their development 
of innovation strategies. From interviews with 21 construction practitioners from 
Singapore, this study found the profit maximisation goals of construction firms to be a 
driving force of innovation. This study concluded that the classification of the 
construction innovation should be in accordance to the types of benefits and returns from 
innovation that makes the cost investments in innovation effective. In addition, a co-
operative partnership between clients and contractors is useful for contractors to strategise 
their direction and type of innovation. 
Keywords: Innovation, construction costs, profit maximisation.  
1. Introduction 
1.1 Construction innovation 
Bowley [1] is the first author who notes that two types of innovations are evident in 
construction: those that changed the product and those that affected processes. Since then, 
there have been considerable efforts among authors in distinguishing innovations which 
improve the construction product [2, 3] and those which improve the construction process 
[4]. Various authors have provided a variety of definitions of construction innovation that 
acknowledge such classification of innovation. Pedersen (p.884) [5] defines construction 
innovation as ‘the first use of a technology within a construction firm either in the process 
or in the product.’ The Construction Research and Innovation Strategy Panel (p.5) [6] 
defines construction innovation as, ‘The successful exploitation of new ideas, where ideas 
are new to a particular enterprise, and are more than technology related – new ideas can 
relate to process, market or management’.  
From these definitions, the key notion of innovation is therefore “newness”. It rests on 
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‘practices so new that the set pattern of accepted processes or products is developed or 
replaced’ (p.17) [7]. This notion indicates two issues. First, innovation is a useful tool for 
the differentiation of products or services. However in construction, contractors do not 
offer designs but only provide one-off projects in response to clients’ demands [8]. With 
few opportunities to differentiate their products, product differentiation seems elusive. 
However, Cannon and Hillebrandt [9] offer four means of product differentiation in 
construction: by offering a range of project management methods; by extending from 
construction into design; by extending into financial packaging; and by extending forward 
into commissioning and facilities management.  
Second, innovation enables enterprises to develop their competitive advantage. 
Competitive advantage provides firms with possible reactive strategies to prevent losing 
market share or proactive strategies to gain a strategic market position relative to their 
competitors [10] and possibly improve profitability. Hence, for a business entity in 
general, the act of innovating can enhance a company’s reputation and provide firms 
with the capability to capture a substantial level of market share or create an entirely new 
market opportunity through serving a market segment that others have not realized, or 
have ignored [11].  
However, construction firms can afford not to innovate because site based projects, with 
the protection afforded by transport cost, lack internal sectoral dynamics that impose 
competitive pressures on non-innovating firms [12]. Nonetheless, this does not imply 
that competitive advantage in construction is redundant and innovation is dispensable. 
On the contrary, many of the created assets in today’s organisations are intangible and 
are “firm” or “ownership” specific [13]. With the increasing international mobility of 
enterprises and technologies [14,15] that makes the competition between construction 
firms of different origins intense, never before has innovation been more important for 
the construction industry. 
The general classifications of construction innovation such as product and process 
innovations do not provide construction firms the direction and objectives for developing 
their innovative strategies. This study thus intends to investigate a suitable classification 
of innovation that guides contractors in implementing in their innovation approach.   
1.2 Methodology 
To understand contractors’ views on innovations, in-depth, semi-structured interviews 
were undertaken in this study. An interview guide was developed, with a focus on the 
issues or topic areas to be covered and the lines of inquiry to be followed.  
Three groups of actors were selected for the purpose of interviews. They are main 
contractors, national institutions and construction clients. Main contractors were selected 
as they are this study’s target group of investigation. Main contractors were further 
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divided into four stratums based on their firm size and geographical origin to identify any 
characteristic differences in contractors’ perception towards construction innovation of 
firms. National institutions were selected based on their policies’ influence on 
contractors’ decision to innovate while clients were selected based on their direct 
influence on contractors’ construction processes and products. Clients were further 
divided into two groups of private and public clients. The roles of national institutions 
and clients in this study are also to prevent any occupational bias presented by 
contractors’ view on the subject. 
The interviewees were coded as: Local Large Contractors – LC; Local Medium 
Contractors – MC; Local Small Contractors – SC; Foreign Contractors – FC; Public 
Client – PuC; Private Client – PrC; and National Institution – NI. Each of these codes has 
a number indicator of the interviewee (example: LC 2), to provide a consistent reference 
to the flow of arguments of a particular interviewee. 
Interviewees were selected through convenience sampling because purposive sampling 
would be tedious for a large sample size. In addition, personal contacts had to be utilised 
as the nature of questions required a top management personnel with a clear 
understanding of the firm’s business strategies and vision. Taking into consideration the 
resources and time available, this study established the minimum number of interviewees 
for each group or stratum of sample to be three. If data saturation was reached within the 
sample size of three, no more interviewees would be further sought. The groups and 
stratums of interviewees are shown in Table 1.   
Table 1. Minimum number of interviewees for each actor 
Group Stratum  Minimum number of interviewees 
Local Contractors Small  3  
 Medium 3  
 Large 3  
 Total number of interviewees for “Local Contractors” 9 
Foreign Contractors Total number of interviewees for “Foreign Contractors” 3 
Clients Public 3  
 Private 3  
 Total number of interviewees for “Clients” 6 
National Institutions Total number of interviewees for “National Institutions” 3 
 Grand Total of Minimum number of Interviewees 21 
A total of 21 construction practitioners were interviewed. The interviews took place 
in the interviewees’ business premises. The interviews lasted between 30 minutes and 2 
hours.    
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2.  Construction innovation by contractors  
2.1 Why do contractors innovate? 
To develop a practical classification of construction innovation for contractors is to first 
understand why construction firms innovate and the main hindrances they face when 
they innovate. Firms are essentially seeking rents through either introducing a new 
product or applying a new production process [10,16]. Regarding innovation, authors 
[17,18] agree on one fundamental principle: innovation is the primary source of wealth 
creation. A new technological device is a source of some advantage for the innovator 
where depending on the elasticity of demand, a combination of lower price and a higher 
mark-up than the competitors will allow the innovator to gain larger market share and 
seek greater rent [19]. Hence, the root problem of poor growth in any industry may be 
due to the repeated failure to capitalize on the power of profit incentives to induce 
productive efforts, investments and innovations [20].  
In UK and Singapore, it has been observed that profit margins are often so low that they 
are inadequate for the industry to sustain a healthy development [21,22]. However, other 
authors [23,24] observe that the key problem of poor technological growth in construction 
may not lie in the low profit margin of contractors but rather the multiple sources of 
uncertainty in R&D investment projects and their complicated interactions due to the 
unique characteristics of construction. Nonetheless, there is a significant relationship 
between profitability and business innovation [25]. In neoclassical economic theory, the 
private ownership of firms creates powerful profit-linked incentives that guide owners to 
minimise the cost of producing any given quantity of good through technological 
advances. Hence, to develop a practical classification of innovations for contractors, there 
is a need to analyse and understand the relationship between profits and technological 
advances in construction firms’ business strategies. 
2.2 Contractors’ main barriers to innovation 
Although profit is a possible driver of construction innovation by contractors, there are 
“costs” in acquiring innovation. In general business theories, these “costs” are usually 
imposed on firms undertaking innovations. For business investments in innovation to 
increase, there must be adequate incentives to invest [20]. Nonetheless, “cost” of 
innovation is often regarded as high for business in general and construction in particular 
as it takes time to develop innovation and trial innovations may be expensive [26]. In 
addition, in construction, potential technologies are often not widely diffused [27]. 
Hence, contractors are typically missing a great amount of information. This increases 
contractors’ risks in investing on new technologies that may lead to severe consequences 
such as project failure, resistance by consumers or other groups.  
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In addition, even when innovations are effectively implemented, there is no guarantee 
that they will, in fact, prove beneficial to the firm [28]. Firms have to be able to choose 
the most suitable technologies available to them, and having chosen them, to use them to 
their full potential [29]. Innovation can maximize its potential only if its capabilities and 
ambitions match the company's wants and needs [30]: cost reduction; new product 
features and line extensions; new products to augment existing lines of business; and 
new products for new lines of business. 
However, in this proposed list of a company’s wants and needs [30], cost reduction is 
often the only selection criterion applied by construction clients. Clients in construction 
have the tendency to award projects based on the lowest cost resulting in low profit 
margins that provide inadequate incentives for construction firms to innovate. This is 
especially so for public clients who have a duty to account for the taxpayer’s money 
[31]. Construction firms, thus move away from the need to differentiate themselves in 
terms of technological capabilities towards differentiation in terms of costs. Since cost is 
the focus of competitive advantage in the construction industry and innovation is a cost 
expense, innovation is not a feasible strategy towards the competitive advantage that 
construction firms are seeking. Therefore to provide a practical classification of 
innovation for the purposes of contractors, the focus of this study’s interviews lies on the 
impacts of costs and profits on contractor’s decision to innovate.  
3. Results of interviews 
3.1 Profit maximisation – a driver of construction innovation 
All 21 interviewees agreed that profit is the basic motivational force for innovation. This 
is similar to Porter and Linde’s [10] and Schumpeter’s [16] observation that firms are 
essentially seeking rents. LC 1 provided that ‘Survival comes before R&D. There must be 
available profit to fund R&D’. This opinion generally reflected the viewpoints of all the 
12 contractors interviewed. FC 1 observed that,  
‘The ability to set aside certain margins and being prepared to do so is important. 
Money in excess is very important. Company not making money will of course 
cut down in R&D and transfer such money to essential survival.’  
FC 1 provided a similar opinion in another interview, noting that ‘You need money to 
spin more money.’ FC 2 explained,  
‘Financial capacity directs how far you can go [in innovation]. Japanese 
contractors or any large foreign contractors usually have over 100 years of 
history. For us, we are a contractor and also a developer. We have our own 
investments in properties, and many other assets. Therefore, when we secure 
loans from banks, they are willing to provide the necessary loans because we are 
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able to provide the required collaterals. How many contractors in Singapore are 
also developers?’  
From the viewpoint of a local contractor, LC 2 observed,  
‘Foreign companies such as those in Japan have 500 years of history. How many 
firms in Singapore have even 50 years? Foreign companies have the essential 
backing from their banks. Such as Dragages and Shimizu. If local contractors 
obtain loans from local banks, these banks would sue once a single payment is 
defaulted. Local banks do not support the local construction industry. Without 
money, how can you compete?’  
Therefore, all nine local contractors interviewed noted that monetary risk is the most 
significant risk factor to consider in R&D. Specifically, the setting up and testing of 
prototypes. Other risks cited in the interviews included time, inadequate expertise, fast 
changing technology and imitation by competitors that shorten the lifecycle of inventions. 
LC 3 observed that ‘contractors have to make their decisions on innovation based on 
quantified risks.’ In addition LC 2 noted, ‘R&D can end up as wasteful efforts and 
resources. Bearing in mind that when you tender for projects, no one will ask you if you 
are engaging in R&D. The cost and risk are purely on your shoulders.’ 
Clients also note the importance of profit as a driver of innovation, PrC 1 observed, 
‘Where can local contractors get the money from [to innovate]? Without money there is 
nothing much more to say.’ These responses from the interviewees are in line with 
Seaden et al.’s [25] observation that there is a significant relationship between 
profitability and business innovation. 
3.2 Construction innovation – a contribution to contractor’s competitive 
advantage? 
Contrary to the point made by OECD [19], the contractors interviewed in this study do 
not perceive innovations as able to provide a competitive edge of a combination of lower 
price and a higher mark-up than competitors. They believed that innovation offers non-
monetary benefits. For example, SC 1 noted that,  
‘There must be substantial reasons to engage in R&D. For us, innovation is our 
strategy to establish rapport with our clients, which may in turn provide future 
benefits such as clients’ willingness to award more projects to us.’  
The large contractors also observed that there are other non-monetary returns, such as 
recognition and prestige, that differentiates their company from the rest. FC 2 observed 
that, 
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‘Innovation allows my company to stay at the forefront of the industry. It also allows 
us to catch a market trend due to our increased know-how and experience. This 
usually enables us to satisfy our customers’ demands and build their confidence in our 
service.’ 
FC 2 further explained,  
‘I believe in any business, branding is important. You want people to know you 
are the only company that is able to provide a particular product or service. That 
is what makes you different and the core reason for people to search for you’.  
However, FC 1’s view may be based on the home market view of his company in Japan, 
where demands of consumers may be more advanced in terms of the required technology 
and quality. Hence, construction clients observed that consumers play an important role in 
encouraging contractors to innovate. PrC 1 observed, ‘Why should contractors innovate 
when there is no demand for it? As the ultimate recipient of the products, the consumers 
have to demand it and be willing to pay extra for it.’ Likewise, PrC 2 questioned,  
‘Who does not want to produce quality products that meet their consumer’s level of 
satisfaction? But are consumers willing to pay for it? Furthermore, there has to be 
adequate demand for construction work to sustain the survival of contractors before 
you can talk about improving contractors’ technologies.’ 
3.3 Consumer’s willingness to pay for construction innovation  
Contractors interviewed in this study agreed that when their  productivity and quality 
improve, there would be an increase in the demand for their company’s services. 
However, the results of the interview showed that the impact of productivity and quality 
on construction costs, and hence profit, differs. All interviewees except one agreed that 
quality does increase construction costs, whereas productivity should reduce it. Only one 
private client, PrC 2, argued that although productivity should reduce construction costs, 
improved quality does not necessarily increase costs. He believed that contractors would 
provide the best quality within their budgets.  
Construction innovation is able to produce improvements in productivity and quality. 
However, due to their differing impacts on the construction costs of individual projects, 
the transferability of their development costs to clients differs. For example, to clients, 
higher productivity through new management techniques or equipment is just a 
differentiation tool with which they can sieve the better contractors from the others. As 
long as contractors are able to finish the projects within the contract time, productivity is 
not a specific requirement but a bonus. The construction firm with such competitive 
advantage often wins the tender. Productivity is not a tangible product that construction 
clients are able sell to their end users. Hence, it is not something they usually pay for. 
Interviewee PuC 1, stated,  
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‘If contractors are more productive, why should I pay them? Higher productivity 
means they are able to do the same work with fewer workers. They should be 
giving me a discount!’  
However, Interviewee PuC 1 provided a different response for quality products.  
‘Yes. I will pay for quality. But I will justify it through the CONQUAS1 score say 
in a performance contract. You have to hit the stated score or I will not pay the 
price premium. Instead, you will face a penalty.’  
FC 3 provided the example of Far East Organisation which was able to sell its 
developments at a higher price by proclaiming that their CONQUAS score is high. From 
this, it appears that quality could be sold for a premium to consumers but not 
productivity. On the other hand, productivity is a hidden benefit whose transferability to 
consumers is dependent on clients’ business strategies. Clients mainly reap the benefits 
gained from productivity through earlier sale or rental revenues. Nonetheless, not many 
clients will be willing to pay an upfront premium for productivity either in terms of 
accepting higher tender prices or discounting the consumers’ product price, when there 
are no guarantees of such returns. Hence, PrC 2’s suggested that,  
‘It does not matter if you are a contractor, architect or engineer. At the end of the 
day you have to look at who is the recipient of your product. You want to be a 
better contractor to whom? Who is the recipient? You have to drive innovation 
and deliver it in the way that counts. This is consumer profiling, the identification 
of your target market segment.’ 
4. Alignment of interviews results with literature 
Authors [12,25] suggest that clients and consumers are assuming a more dominant role in 
dictating the pace of change in large projects and they are playing a vital role in 
stimulating contractors to search for new ideas. This study’s interviewees have also noted 
the importance of the role of clients and consumers in promoting construction innovation. 
However, the involvement of clients in the innovation process, may also in part, depend 
on the degree to which the clients perceive there to be benefits to them in innovating 
[32,33]. Similar to the factors discussed in this study’s interviews, costs, restricted 
completion time and unreliability of innovation success are observed to be demotivators 
of clients’ participation in innovation [32,33]. Hence, clients should not be expected to be 
habitual risk-takers of innovations in construction. Aligning responses from interviews 
                                                 
1 Construction Quality Assessment System (CONQUAS) is launched by the Building and 
Construction Authority in 1989. The building is assessed based primarily on 
workmanship standards through site inspection. The assessment is done throughout the 
construction process for structural, mechanical and engineering works and on the 
completed building for architectural works. 
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with the literature reviews, this study concludes that the responsibility of the finance of 
innovation is placed largely on the contractors. This issue proposes two further 
considerations which are now discussed: 
First, since the funding of innovations is largely based on the financial capacity of 
contractors, their perception of innovation risks plays a fundamental role in their 
decisions to innovate. Nevertheless, innovations provide potential profit and intangible 
returns, such as the industrial recognition as an advanced provider of constructed 
products, which make such risks practicable. From this, it can be implied that just as 
authors [17,18] and this study’s interview results have established, one fundamental 
principle of innovation is that it is the primary source of wealth creation. Profit is the 
basic motivational force of innovation in the construction industry.  
Second, since the consumer’s willingness to pay for an innovation may reduce the 
financial burden of innovating contractors, the categorization of innovations, in 
accordance with consumer’s willingness to pay for an innovation, plays a fundamental 
role in the innovation strategy of contractors. This may also be the key in overcoming 
contractors’ financial limitations in innovations and the basis of innovation strategies for 
contractors. 
5.  Recommended classification of construction innovation 
The results from this study’s interview responses have indicated that not all innovation 
costs can be transferred to clients. Two questions thus arise. First, why are contractors 
unable to transfer the cost of innovation to clients? Generally, manufacturers such as 
those of automobile and mobile telephones are able to derive returns from innovations 
through price premiums on their products that not only offset the costs of innovation but 
also provide sizeable profit. However, this may not be the conventional practice in 
construction. Second, does this in turn, imply that innovation is not useful in deriving 
competitive advantage in construction? From the results of this study’s interviews, it is 
observed that innovation in construction may be classified into three main categories: 
(i) Type 1 Innovations: Innovations which consumers are willing to pay for.  
(ii) Type 2 Innovations: Innovations that reduce contractors’ construction costs.  
(iii) Type 3 Innovations: Innovations, which encompass intangible benefits such as a 
good reputation and high credibility, that provides contractors with sustainable 
competitive advantage.  
Type 1 Innovations require the careful analysis of the target consumers. The interviewees 
suggested that quality could be sold for a premium to consumers but not productivity. 
Similarly, from a survey of 59 senior personnel in the UK [34], clients are mainly 
concerned with high quality and low cost. Although life-cycle cost was mentioned as 
being important, this study’s interviewees admitted that their organisations did not use 
                                                                                                                               A110 
this measure. Therefore, contractors strategising for immediate monetary returns from 
innovations have to understand what clients and/or consumers are willing to pay for.  
Type 2 innovations are for instance innovations that improve construction productivity. 
Although such improvements do not provide immediate monetary returns from 
investments, it still involves secondary monetary benefits such as the reduction of 
contractors’ construction costs. The main competitive advantage it offers lies in 
differentiating contractors in terms of their capabilities. However, for such competitive 
advantage to be sustainable, there has to be a consistency of character that clients or 
consumers are able to identify with, the idea of branding. This concept of branding had 
also been raised by the interviewees. The intention to innovate should be a constant 
purpose [5] as the act of innovating can enhance a company’s reputation and provide 
firms with the capability to capture a substantial level of market share [11]. These notions 
characterise Type 3 Innovations.  
The difference between Types 1, 2 and 3 Innovations is that the first two are demand 
oriented while Type 3 is supply focused. Hence, Types 1 and 2 form the basis of a 
reactive strategy while Type 3 supports a proactive and forward-looking strategy based on 
the needs of consumers. Interviewee PrC 2 suggested that contractors should constantly 
ask themselves this question: ‘to be able to meet the demands of consumers now, and also 
that of the next recipient, what do I have to do to compete? What are the qualities that 
contractors require that attract developers?’  
For contractors to maintain a sustainable turnover for Type 1 Innovations, there has to be 
a continuous re-examination of the desires of consumers in order to derive the right 
signals of their level of satisfaction. Since clients are at the forefront of engaging with 
consumers, a co-operative relationship between clients and contractors may therefore be 
useful in determining the tastes of the consumers. This relationship can involve the 
establishment of a “co-evaluator”, between contractors and clients, of the demands and 
tastes of consumers to a “co-inventor” of specialized products to meet these tastes. 
Furthermore an understanding of the required capabilities that differentiates the 
contractors in the manner that counts to the clients is important for the direction in which 
contractors should strategise their Type 3 Innovations. Therefore, these results suggest 
that it may be useful for contractors to tap the function of clients in the construction value 
chain to strategise their direction and type of innovation.  
6. Conclusion 
This study’s objective was to provide a practical classification of construction innovation 
that is able to guide construction firms in their direction and objectives for developing 
their innovative strategies. The results concluded that the profit maximisation goal of 
construction firms is a key driver of innovation in construction. However, as innovation is 
a cost expense, the classification of the construction innovation should be in accordance 
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to the types of innovation benefits and the returns from innovation that make the cost 
investments in innovation practical. Hence, this study presented three main categorisation 
of innovations: innovations which consumers are willing to pay for; innovations that 
reduce contractors’ construction costs; and innovations that provide intangible benefits 
that provide contractors with sustainable competitive advantage.  
From this study’s classification of innovations, it was also suggested that a co-operative 
relationship between clients and contractors is important in facilitating successful 
innovation strategies for contractors.  Therefore, the findings from this study need to be 
augmented with further research aimed at the developing cooperative partnerships 
between contractors and clients. 
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